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INTRODUCTION 
Many physiological and behavioral investigations of food 
intake are based on the assumption that there is a specific 
neural system underlying feeding behavior, and that this 
system can be studied more or less independently of other 
homeostatic systems of the organism. More specifically, it 
has been shown that food intake is controlled, at least in 
part, by the interaction of excitatory and inhibitory 
hypothalamic mechanisms. Investigators have generally as­
signed an inhibitory role to the ventromedial hypothalamus 
(VMH) with excitatory functions assigned to the lateral 
hypothalamus (LH). (See Appendix A for additional informa­
tion.) 
Electrical stimulation of the LH induces feeding in 
fully sated animals {Delgado & Anand,- 1953; Larsson. 1954: 
Hyrwicka & Dobrzecka, 1960) while stimulation of the VMH of 
hungry animals decreases food intake (Anand S Dua, 1955) . 
Lesions of the VMH cause hyperphagia (excessive overeating) 
whereas lesions of the LH induce aphagia and eventually death 
unless force-feeding procedures are adopted (anand S Brobeck, 
1951b; Brobeck, Tepperaan, & Long, 1943; Teitlebaum & 
Epstein, 1962). 
The above experiments relating feeding behavior to 
medial and lateral hypothalamic activity support a position 
that has come to be known as "satiety" theory. Satiety 
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theory states that feeding behavior is intrinsically related 
to the activity of the LH or "feeding center" which in turn 
is subject to inhibitory control by the VMH or "satiety 
center."1 Further, destruction of the VMH releases the LH 
feeding mechanism from inhibition resulting in hyperphagia 
and the subsequent development of obesity (Hetherington S 
Ranson, 1940; Brobeck et al., 1943). 
Hargules and Olds (1962) and Hoebel and Teitlebaum 
(1962) reported that electrodes placed in the LH that induced 
stimulus-bound feeding also supported high rates of 
responding for intracranial self-stimulation (ICS). 
Hypothalamic sites that regulate feeding thus seem to exert a 
corresponding control over LH self-stimulation. Changes in 
hunger motivation have been correlated with the rewarding 
effects of hypothalamic XCS. Increases xn both hypcchalamxc 
self-stimulation and feeding occur following VMH destruction 
or anesthetization (Hoebel 6 Teitlebaum, 1962) . Increases in 
LH self-stimulation rates also occur during periods of food 
deprivation (Margules S Olds, 1962; Wilkinson & Peele, 1962; 
Mount & Hoebel, 1967), whereas decreases follow gastric 
iThe delineation of a "center" concept in neurophysio-
logical research is often a dangerous conceptualization. It 
must be realized that a number of different neural systems 
overlap extensively in almost all portions of the brain such 
that it is impossible to produce a truly selective effect 
with currently available experimental techniques. 
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distention (Hoebel, 1968, Hoebel & Thompson, 1969; MacNeil, 
1974). Hoebel (1968) found these decreases in self-
stimulation rates regardless of whether the distention vas 
produced by intragastric feeding or by the inflation of a 
gastric balloon. Electrode preferences have also been shown 
to shift with shifts in drive states (Gallistel 6 Beagley, 
1971). 
Tenen and Miller (1964) used a guinine-tolerance 
technique to compare feeding behavior in food deprived rats 
with feeding behavior induced by electrical stimulation of 
the LH. When either food deprivation or current intensity 
was increased, the rat's tolerance for the acceptance of 
quinine-adulterated milk also increased. In addition, when 
stimulation was combined with food deprivation, rats 
tolerated even more quinine in their milk than when tested 
under either condition separately. 
Obesity has been produced experimentally by prolonged 
periods of experimenter-administered LH stimulation in the 
presence of food (Steinbaum & Miller, 1965; Hoebel & 
Thompson, 1969) . Hoebel and Thompson (1969) also demonstrat­
ed that as stimulation-induced obesity progressed, animal 
disgust reactions increased (such as rubbing their chin on 
the cage floor) as well as the rate of response to escape 
from LH stimulation. These experiments suggest that neuronal 
activity in the LH feeding system becomes aversive in rats 
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that are overfed or overweight. Thus, long-term factors 
(e.g. obesity) as well as short-term factors (e.g. hours of 
deprivation) are capable of altering the properties of LH 
sticulation along a continuum from reward to aversion. 
In other attempts to show that electrically elicited 
feeding and drinking are modified by internal physiological 
conditions Devor, Wise, Milgram, and Hoebel (1970) have shown 
that hypothalamically elicited eating, like natural eating, 
is inhibited by prior food intake. Similarly, elicited 
drinking, like natural thirst, is reduced by prior water 
intake. These findings were specific to the appropriate be­
haviors involved. Thus, elicited appetitive behaviors are 
neither rigid nor nondirected results of stimulation but 
depend, at least in part, on the animal's internal states. 
If YMH hyperphagid is to be explained by increased ac­
tivity in the LH feeding-reward system, then changes in both 
feeding and LH self-stimulation behaviors should follow the 
same postlssion time course. Unfortunately, conflicting 
outcomes have appeared in the literature regarding the time 
course changes in feeding behavior following VMH destruction. 
Hoebel (1965) was the first to note an increase in both 
feeding and LH self-stimulation immediately (10-20 min.) 
following VMH destruction. Hoebel (1968) suggested that re­
gardless of the means of VMH destruction or anesthetization, 
changes in feeding and LH self-stimulation behaviors closely 
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parallel each other. Electrical stimulation of sites other 
than the LH (i.e. septum) were also disinhibited following 
VHH destruction but to a lesser degree (Hoebel, 1969), thus 
giving anatomical specificity to his findings. In addition, 
Hoebel (1969) found that animals trained to self-stimulate at 
both an LH site and a septal site switched their preference 
from hypothalamic to septal self-stimulation after tube 
feeding, indicating that post-ingestional stimuli inhibit 
lateral hypothalamic reward and that all sites are not equal­
ly inhibited. 
Hoebel's findings regarding the immediacy of food intake 
following VMH destruction have not been supported by the 
recent data of Peters and Sensenig (1974). These 
investigators electrolytically destroyed the VMH in rats via 
chronically implanted electrodes. Operant responding for 
food reward (FR-5) was measured either 0, 2, or 4 hours 
postlesion. Performance rates significantly increased 2 
hours postlesion. Destruction of the VMH, however, had no 
effect on performance immediately following the lesion. 
Van Sommers and Teitlebaum (1974), using self-
stimulation of the VMH as an index of lesion expression, 
showed that damage to the VMH produces an initial loss of 
function which then progressively increases for several hours 
after the lesion. These investigators also found that LH 
lesions produced feeding behavior deficits which extended 
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over a period of U to 8 hours with the rapidity of the onset 
being determined by the size of the lesion. Both these 
phenomena were interpreted as evidence for a local 
progressive deterioration of brain tissue following the pro­
duction of a lesion, 
Ferguson and Keesey (1971) have obtained LH self-
stimulation rate increases which are more in line with the 
time course suggested by Peters and Sensenig (1974), These 
investigators found that both feeding and LH self-stimulation 
increased following VMH destruction as did Hoebel (1965). 
Increases in food intake continued for several weeks 
postlesion. Self-stimulation rates, however, returned to or 
below control levels 24 hours postlesion. Furthermore, the 
degree of hyperphagia and rate of LH self-stimulation were 
found to be negatively correlated- a finding inconsistent 
with satiety theory. 
The purpose of this research was to provide a within 
subject temporal analysis of the changes in operant behavior 
maintained by either intracranial self-stimulation or food 
reward following destruction of the VMH in conscious rats. 
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METHOD 
Subjects 
Thirty-six Long-Evans female hooded rats obtained from 
Blue Spruce Farms, Inc., weighing approximately 250 grams at 
the time of surgery were used. The rats were individually 
housed in conventional rat cages under constant illumination 
and were maintained under ad lib food and water conditions 
except where noted below. 
Surgery 
Rats were deprived of food approximately 15 hrs. before 
surgery to reduce bronchial congestion. Under sodium 
pentobarbital anesthesia (42 mg/kg) each rat was prepared 
with three chronic indwelling bipolar stainless steel 
electrodes using standard stereotaxic surgery techniques. 
Company, Roanoke, Virginia, #HS-303-018-312-SS-008). Each 
twisted wire electrode was insulated except for an exposed .5 
mm conical tip, and the poles were separated by the thickness 
of the insulation. Two bipolar electrodes were bilaterally 
implanted in the VMH. The coordinates for these implants 
were: AP = 5.8, H = -3.5, L = 0.7 (de Groot, 1959). In addi­
tion, thirty-three of the thirty-six subjects had the third 
electrode implanted in the median forebrain bundle (MFB) (AP 
= 5.8, H = -2.0, L = 1.8, de Groot, 1959). The remaining 
three subjects had the third electrode implanted in the 
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septal area (AP = 8 , 2 ,  H = 1.0, L = 0.5, de Groot, 1959). 
The three electrodes were secured to the rat's skull with 
aneuroplastic cement and one anchor screw. Food and water 
were not available until the morning following surgery. 
Apparatus 
Eight clear sheets of Plexiglas were used to make two 11 
X 9 1/2 X 13 in. operant chambers. Each chamber sat on an 
Upjohn deodorized drop pad which was cleaned each day before 
testing began. The top of each chamber was open. Associated 
with the first or "lesion chamber" were two electrode leads 
which were attached to the rat's VMH electrodes. The other 
end of the electrode leads were attached to a Lehigh Valley 
overhead swivel which allowed the animal unrestricted 
movement about the chamber. The swivel in turn was connected 
to a Heathxit DC power supply via a double-pole do'ible-thro» 
switch. 
The second or "operant chamber" had one electrode lead 
which was attached to the rat's stimulating electrode as il­
lustrated in Figure 1. This lead was connected to an over­
head commutator (Waldon 6 Phillips, 1972) which in turn was 
connected to an AC power supply. The operant chamber con­
tained a water bottle and a pellet dispenser attached to one 
of the outside walls of the chamber. The drinking tube and 
food hopper were situated 2 1/2 in. apart on the inside of 
the same wall and were 2 in. above the floor. Two levers 
Figure 1. Test environment. 1, ICS lever; B, Food lever; 
C, Electrode lead; D, Food magazine; 
E, Water tube; F, Pellet dispenser. 
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were attached to one of the adjoining walls. The lever (4 X 
3/1 X 1/8 in.) closest to the food hopper was 2 in. off the 
bottom of the chamber and dispensed 45 mg Noyes food pellets 
(sta n d a r d  f o r m u l a )  w h e n  d e p r e s s e d .  T h e  a d j a c e n t  l e v e r  ( 1 X 1  
1/8 X 3/8 in.) was also 2 in. off the bottom of the floor and 
produced a train of intracranial stimulation (ICS) when de­
pressed. Above the operant chamber was a 7 1/2 watt light 
bulb which systematically changed from a "high" to a "low" 
intensity. Depression of the food lever resulted in food 
reward only when the bulb intensity was low. Depression of 
the ICS lever under low illumination resulted in no ICS 
reward. Conversely, ICS was obtainable on the ICS lever only 
under high illumination. 
When ICS was available each lever press resulted in an 
intracranial stimulus of 60-Hz sine eaves vith a train dura­
tion of 200 msec. All responses on the ICS lever were record­
ed on an electro-mechanical counter. Responses made during 
the 200 msec, stimulus duration interval were not reinforced. 
The stimulation intensity was varied for individual subjects 
but was always between 10 and 60 microamps. Peak to peak 
voltage levels were monitored on a Knight KG 2000 
oscilloscope. Lever pressing responses on the food lever as 
well as the number of rewards were also recorded on electro­
mechanical counters. Responses on the "inappropriate" lever 
were also recorded. 
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Prelesion Train!ng 
Following surgery, 5 days were allowed for postoperative 
recovery. Each rat was initially shaped to press the right 
hand lever for ICS reward. Current intensity was initially 
set at 25 microamps. and was increased if the rat was 
inattentive to the lever. Most rats were shaped during this 
first training session. However, if a rat failed to press 
for ICS during this session the above procedures were contin­
ued for several days. If lever-pressing was not established 
at the end of this period, the rat was discarded from the 
experiment. 
After the ICS lever-pressing response was established 
(Day 1) each rat was allowed to lever-press for three 15-min. 
periods a day for 4 days. During this time current intensity 
•as set at a level such that each rat resDonded at less than 
its maximum rate to avoid ceiling effects. After training on 
Day 5 each rat was placed on a 23-hr. food deprivation sched­
ule. During Days 6-10 each rat was permitted to lever-press 
for ICS for 15 min. immediately prior to 1-hr. access to food 
in its homecage. The above procedures were used to obtain 
rates of responding for ICS when the rats were sated and sub­
sequently deprived of food. All rats were also given twenty 
45-mg Noyes pellets prior to food access on Days 6-10 to 
familiarize them with this novel food substance. 
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On Day 11 each rat was trained to press the left lever 
to obtain food reward. The reinforcement schedule was 
changed to a FR 5:1 on the following day. All rats were run 
on this schedule for 15 min. on Days 12-16. After testing on 
Day 16, all rats were returned to ad lib access to food. 
On Days 17-19 each rat was tested 4 times daily with 
each 15-min. session no less than 1 hr. apart. Food and ICS 
reinforcement were alternated between each of these sessions 
such that rats received either Food, ICS, Food, ICS or ICS 
Food, ICS, Food. This procedure was used to obtain rates of 
responding for both ICS and food reward when the rat was 
again sated. 
To this point, whenever a rat was placed in the operant 
chamber only one lever was present with the appropriate light 
duxuiuxua* c jLwui i/a V 6 v uucxx vue euvi. w i. va MVi. j.iiieu u f uue 
rat was confronted with a discrimination task in which it was 
required to discriminate between two stimulus light intensi­
ties and the appropriate reinforcement lever. High 
illumination was always associated with ICS reinforcement on 
the right lever and low illumination was always associated 
with food reward on the left lever. Responding on the inap­
propriate lever was nonreinforced. Light intensities were 
changed every 5 min. The light intensity chosen to begin any 
particular testing session was determined by alternating them 
daily. All rats were tested in this 2-lever situation 3 hrs. 
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per day for 5 days. Immediately prier to testing on each of 
these days each rat was attached to the two VHH leads, placed 
in the lesion chamber, and allowed to roam freely for approx­
imately 1 min. This procedure was used to habituate the rat 
to the electrode leads before the day the lesions were 
actually produced. 
iê§i2S. and Postlesion Testing 
Upon placement in the lesion chamber on Day 25 each rat 
was electrolytically lesioned via one of the chronically 
implanted VHH electrodes (2 ma. for 20 sec.). The 
contralateral lesion was produced immediately thereafter 
using the same current parameters by throwing the switch. 
Animals were able to move freely about the chamber during the 
lesioning process. The rats were immediately taken to the 
operant chamber and were allcwed to resDond in the 2—lever 
situation for 3 hrs. On Days 26-28 each rat was again tested 
for 3 hrs. in the 2-lever situation. On Days 20-28, the num­
ber of lever-presses for each lever was recorded for each 
successive 5-min. time period. This provided information 
regarding the number of responses on both the appropriate and 
inappropriate levers. In addition, homecage food intake was 
recorded over this same time period. 
Following Day 28 each rat was given ad lib access to 
food and water for a period of 30 days to access weight 
gains. 
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Hlstologï 
Following behavioral testing each rat was given a lethal 
dose of sodium pentobarbital and perfused intracardially with 
physiological saline followed by 10% Formalin. The brains 
were removed from the skull and placed in 10% Formalin for no 
less than 24 hrs. Brains were then frozen, sectioned (150 
microns), and photographically enlarged to access the extent 
and location of tissue destruction. 
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RESULTS 
Eighteen of the 36 operated rats failed to complete be­
havioral testing for one of the following reasons; failure to 
self-stimulate (n=2), loss of electrode assembly (n=13) , or 
sickness (n=3). Also excluded from the data analysis were 
two rats exhibiting a distinct lack of postlesion hyperphagia 
and all septal implanted rats due to the small group size 
(n=3) . 
Data are reported for the remaining 13 LH implanted rats 
that finished behavioral testing. These animals were divided 
post hoc into two groups; a) those rats showing hyperphagia 
associated with relatively large weight gains and b) those 
rats showing hyperphagia associated with a small weight gain. 
Mean ICS and food lever pressing rates for each group over 
30 min. time intervals are presented in Appendix B, Tables 1 
and 2. 
Daily data from the 36 alternating ICS and food lever 
pressing intervals for each rat was regressed against a 
restricted X-matrix. Orthogonal comparisons were used to 
analyze linear, quadratic, cubic, and intercept indices of 
performance for both ICS and food lever press data (Kirk, 
1968). Specifically, between-group comparisons of perform­
ance levels were made for: a) prelesion data, b) postlesion 
data, c) pre versus postlesion data, d) lesion day versus pre 
and postlesion data and e) intercept. 
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The only significant between group difference vas the 
pretreatment food lever pressing rates represented by the 
intercept derived from the regression analysis (F = 12.23, 
df = 1/11, p<.01). Since no other significant between group 
differences were found, the two groups were combined and 
reanalyzed using analysis of variance (&N07A). Appendix D 
shows source tables for the analyses which were performed. 
ICS Resgonding 
Figure 2 presents the mean number of ICS lever presses 
collapsed over 30 min. intervals for the pre and postlesion 
days as well as performance on the day of the lesion. An 
ANOVA of these data indicated that both of the main effects 
of treatment and interval, as well as their interaction, were 
significant (see Table 4a, Appendix D). Although performance 
on the day of the lesion was similar to prelesion performance 
for the first 30 min. interval, ICS responding increased sub­
stantially thereafter and remained at this higher lever 
throughout the session. Both the main effect of the treat­
ment and its interaction with time interval were significant 
in an analysis of only the prelesion and lesion day data (see 
Table 4b). This higher lever of ICS responding was not main­
tained during the subsequent three postlesion days, but 
rather dropped to a level slightly below that of prelesion 
performance. Analysis of only the pre and postlesion data 
Figure 2. Mean number of ICS lever presses (N=13) over 
prelasion (Il days), lesion (1 day), and post-
lesion (3 days) testing days collapsed into 30 
minute time iDlocks. 
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indicated, however, that this difference was not significant 
(see Table 4c). 
Food Responding 
Figure 3 presents the mean number of food lever re­
sponses collapsed over 30 min. intervals for the three pre 
and postlesion days as well as performance on the day of the 
lesion. Although neither the main effects of treatment or 
interval were significant, their interaction was (see Table 
4d). In a comparison of performance on the day of the lesion 
with prelesion data, comparable levels were maintained across 
the first four intervals. Responding for food did increase 
during the last two time intervals, but the interaction did 
not reach a significant level (see Table Ue). 
In a separate analysis of prelesion and lesion day per­
formance for the last t*fo time periods; the main effect of 
treatment also failed to reach significance (see Table 4f). 
This latter analysis was run because Peters and Sensenig 
(1974) had previously reported significant differences in 
responding for food only during the third hour after the 
lesion. Finally, performance on the three postlesion days 
was significantly higher than prelesicn performance (see 
Table 4g) . 
Food Intake (2j ^ u^) 
The mean number of grams consumed in the homecage over 
the behavioral testing period is shown in Figure 4. 
Figure 3. Mean number i>f food lever presses (N=13) over 
prelesion (3 days), lesion (1 day), and post-
lesion (3 days) testing days collapsed into 30 
minute time iilocks. 
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VHH lesions produced a significant increase in homecage food 
consumption (t = -40.90, df = 12, p<.001). Individual 
subject food intake data is presented in Appendix B, Table 
3a. 
«eights 
Mean body weights over the 7 day testing period are pre­
sented in Figure 5. The postlesion body weight increases 
were significant (t = -11.30, df = 12, p<.001). Figure 6 
shows body weight increases over the 30 day posttesting 
period. Body weights for individual subjects are presented 
in Appendix B, Table 3b. 
Histology 
The atlases of de Groot (1972) and Konig and Klippel 
(1963) were consulted in establishing the locus of the 
bipolar electrodes. LH electrode tips were located in the 
lateral hypothalamic-sedial forebrain bundle area within the 
approximate anterior-posterior limits of the VHH nucleus: 
Representative photographs are presented in Figure 7 
contrasting the VHH lesions of two LH rats, one exhibiting 
hyperphagia and obesity and one not exhibiting these behav­
ioral objectives. Most of the LH rats sustained relatively 
small and in most instances spherical lesions of the VHH and 
surrounding tissue. Lesions ranged between the following de 
Groot (1972) coordinates: AP = 6.8 to 5.2; H = -2.0 to -4.5; 
L = 0 to 1.5. Frequently the lesions extended to the base of 
Figure 5. Mean body weights during prelesion (3 days) 
and postlesion (3 days) testing. 
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the brain, and dorsally the dorsal medial hypothalamus and 
fornix were destroyed or interrupted. Only on one occasion 
did a lesion extend to the mamillothalamic tract. 
No differentiation could be made between lesions of rats 
exhibiting small vs large weight gains. 
Septal rats received VHH lesions of similar size and di­
mension as those described above. 
Rats not exhibiting hyperphagia and obesity typically 
exhibited large or dorsally placed lesions or received only 
unilateral tissue destruction. 
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DISCUSSION 
Previous reports (Hoebel, 1965, 1968, 1969; Hoebel & 
Teitlebaum, 1962) of increased operant behavior maintained by 
ICS or food reward following bilateral destruction of the VMH 
in unanesthetized rats were substantiated. However, the 
temporal analysis of these behavioral changes requires some 
clarification. 
Destruction of the VMH in the present experiment did not 
lead to immediate increases (less than 20 min.) in ICS lever 
pressing as some investigators have reported (Hoebel, 1965, 
1968, 1969; Hoebel S Teitlebaum, 1962). During the second 
postlesion 1/2 hour there was an obvious increase in ICS 
lever pressing that was maintained throughout the remainder 
of the session (see Figure 2). The increase in ICS 
responding occurred more rapidly than that reported by 
Ferguson and Keesey (1971) who found depressed response rates 
continuing for 1 1/2 hours postlesion. some of these 
postlesion ICS performance differences may be explained by 
differences in experimental procedures such as lesion current 
parameters, ICS wave form differences, etc. The absence of 
immediate ICS performance increases in both instances may be 
explained by possible noxious aftereffects of the lesioning 
process. During and immediately after neural destruction 
animals may be fearful, stunned, or in some way become 
disoriented. Unfortunately, the many possible effects of 
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central nervous system tissue destruction in conscious 
animals are as yet unidentified. 
The present experiment does not support the contention 
that increased LH self-stimulation is the result of enhanced 
sensitivity in the LH feeding-reward system (Hoebel, 1965, 
1969; Hoebel & Thompson, 1969; Hoebel & Teitlebaum, 1962)o 
If this hypothesis is tenable, one would expect that 
changes in responding for food and LH self-stimulation would 
follow the same postlesion time course. After comparing 
Figures 2 and 3 one finds this is clearly not the case. Sec­
ondly, statistical analyses failed to reveal any differences 
between prelesion and postlesion ICS lever pressing rates. 
Finally, although the data for the septal self-stimulation 
animals were not statistically analyzed due to small group 
ai  TA t'ho rr r*î» nh î 1 can + ry f  ^ a t  Annan 4 v r* 
Figures 8 and 9) suggests performances similar to LH stimula­
tion rates, thus indicating no specific anatomical or differ­
ential ICS reactions were involved. 
What then causes the transient increase in postlesion 
self-stimulation rates? Ferguson and Keesey (1971) have sug­
gested that this increase reflects an artifact of increased 
generalized activity. Bats in the present experiment gave no 
consistent implication of increased activity. In addition, 
if lever pressing for stimulation does increase after 
lesioning as an activity artifact, the lever pressing rates 
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for food should also reflect these same temporal increases, 
but they do not. 
& more tenable hypothesis to account for this increase 
can be derived from the inherent effects of ICS itself. 
There is general agreement that electrical stimulation of 
various central nervous system structures modifies, masks, or 
attenuates pain and/or fear states (Buckwalter, Gibson, Eeid 
G Porter 1967; Miller, Reid 8 Porter, 1967; Yunger, Harvey & 
Lorens, 1973). Cox and Valenstein (1965) have also 
capitalized on this "advantage" of ICS and have reported a 
significant correlation between the rewarding and analgesic 
effects of lateral hypothalamic self-stimulation. Lilly 
(1960) has commented that positive brain stimulation in 
monkeys increases the threshold cf pain resulting from aver-
sive control stimulation. There are also reports with human 
subjects that brain stimulation modifies aversive states. 
Heath (1954) noted that patients receiving stimulation of the 
septal area obtained immediate relief from intractable pain. 
More recently other experimental paradigms have been 
used to demonstrate the positive affectiveness of ICS. 
Gordon and Baum (1971) have used positive ICS as a way of in­
creasing the efficacy of extinguishing avoidance behavior 
through response prevention (flooding). Brief, periodic, 
positive ICS vas used as an extraneous stimulus and was pre­
sented to a fearful rat after avoidance behavior had been es-
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tablished through the use of 1.3-ma. foot shocks. The treat­
ment of positive ICS during response prevention virtually 
eliminated avoidance behavior. 
Reid, Miller, stone, Honico, Rassil, Taylor, and Sautter 
(1973) have also pursued the efficacy cf ICS as a counter 
conditioner by comparing it with a variety of other treat­
ments designed to decondition avoidance responding. Response 
prevention, the use of other "distracting" neutral stimuli 
(noise), and high and low aversive stimulation were all found 
to be inferior to positive ICS as a reinforcer of 
incompatible responses during response prevention. Reid 
states succinctly that 
we need not hedge; there is clear evidence from the animal 
laboratory that extended exposure to fear-eliciting con­
ditions without aversive conseguences typically leads to 
deconditioning o£ the conditioned emotional response, of 
passive avoidance, and of active avoidance but that de-
conditioning in each paradigm is facilitated when ICS is 
accompanied by a positive affective stimulus. In addition 
to being a facilitator of exposure, an anxiety competing 
or positive stimulus can be a counterconditioner. (Reid, 
et al., 1973, p. 108) 
Thus it is hypothesized that the increases in ICS 
responding found up to three hours following VHH destruction 
is a result of the analgesic and/or positive affective prop­
erties of ICS and not a result of an increase in random ac­
tivity or neural sensitivity. 
On days subsequent to lesicning the self-stimulation 
rates tend to be lower than rates prior to lesioning. Howev­
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er, statistical analyses failed to reveal any differences be­
tween prelesion and postlesion days of testing. These curves 
also show a decreasing performance trend which perhaps re­
flects the effects of the rigorous three hour testing ses­
sions, or the extension of VHH lesion necrosis enchroaching 
upon the lateral hypothalamic area (Van Sommers 6 Teitlebaum, 
1974). 
Appetitive responding also showed an increase during the 
three hour period following VHH destruction. Note, however 
that the postlesion performance is delayed before any in­
crease is obtained during the last half of the testing ses­
sion. This delay again may have been caused by possible 
debilitating effects of the lesion. Although this increase 
was not statistically significant the trend was certainly in 
the predicted direction. Lack of significance yas attributed 
to the presence of a negative contrast effect obtained be­
tween the alternate sessions of responding for food and ICS. 
This hypothesis is highly tenable in light of the above 
suggestion that ICS exhibits strong analgesic properties fol­
lowing VHH destruction. These results are compatible with 
Peters and Sensenig's (1974) report that operant responding 
for food (FS-5) is essentially unchanged immediately follow­
ing VMH destruction. This delay is also in accord with 
Klatzo and Seitelberg (1967) who found edema and necrosis oc­
curring in brain tissue long after the actual lesion had oc­
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curred. Van Sommées and Teitlebaum (1974) and Wolf and 
DiCara (1969) also found functional and structural changes 
occurring hours or even days following central nervous system 
destruction. 
It is again interesting to note that the three hour post 
lesion time courses for both ICS and food responding are not 
identical. The changes in ICS reinforced behavior occur more 
rapidly than the changes in the food reinforced behavior. 
VHH lesions also increased the food lever pressing 
performance during the three days of postlesion testing. 
This outcome is consistent with the recently reported data 
that indicates rats with VHH lesions overeat and become obese 
because the lesion increases the rat's hunger motivation 
(Kent S Peters, 1973; Peters & Sensenig, 1974; Peters & 
Reich. 1973? Wampler. 1973) . 
This rise in food lever pressing is also associated with 
a significant increase in hyperphagia (Figure 4) and 
continually increasing weight gains (Figure 6). No support 
can be given to Hoebel and Thompson's (1969) contention that 
weight gain following stimulation motivated hyperphagia is 
associated with increased LH aversion resulting in a decrease 
in LH self-stimulation rates. 
This analysis has primarily taken a descriptive and 
eclectic approach in an attempt to present the above experi­
mental results. But where do we stand with respect to the 
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etiological mechanisms, particularly in regards to the 
temporal analysis of appetitive responding? 
There exists the distinct possibility that the increased 
hunger motivation and food intake exhibited following VMH 
destruction is not a result stemming directly from the 
destruction of one of the interacting hypothalamic mechanisms 
orginally described by stellar (1954). Although this hypoth­
esis has for years enjoyed wide acceptance, the possibility 
exists that some or all of the effects following VHH 
destruction are due to the interruption of fibers of passage 
that do not synapse in this area (see Grossman, 1975, for a 
review). 
with the use of electrofluorescent techniques Ungerstedt 
(1971) has demonstrated the existence of ascending monoamine 
pathways in the rat braia= He yas able to separate these as­
cending pathways into dorsal and ventral axon bundles. The 
dorsal noradrenergic bundle innervates the cortex and 
hippocampus while the ventral noradrenergic bundle (VNB), 
which is more important for the present experiment, supplies 
noradrenergic nerve terminals to the medulla, the pons, the 
mesencephalon and the diencephalon. Ungerstedt (1971) found 
that he could destroy the VNB either by lesioning or by the 
administration of 6-hydroxydopamine (6-OHDft), which 
selectively destroys catecholaminergic neurons. Thus, this 
finding becomes potentially important since noradrenergic 
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(NA) mechanisms have been reported to have implications in 
the regulation of feeding behavior. 
Grossman (1960; 1962a; 1962b; 1964) and others (Miller, 
1965; Slangen & Miller, 1969; see also Appendix A) have found 
that microinjections of adrenergic compounds directly into 
diencephalic loci elicit food intake while selective drugs 
that block the effects of these compounds decrease food 
intake. Subsequent experimentation with more physiological 
dose levels (nanograms) has also confirmed the above results 
(Leibowitz, 1974, cited in Grossman, 1975). 
Ahlskog and Hoebel (1973) report hyperphagia and exces­
sive weight gain following electrolytic or chemical 
destruction of the VNB in ventral tegmental brain regions the 
result of which depleted diencephalic NE. Gold (1973) also 
suggested that VMH lesions are not necessary or sufficient 
for the production of hypothalamic obesity. What is impor­
tant, however is that the lesions aimed at the VMH are inad­
vertently interrupting the VNB and it is this disruption 
which is responsible for the classic hyperphagic syndrome. 
Also congruent with this hypothesis are the findings that 
knife cuts between the LK and VHH may be interrupting the VNB 
again resulting in hyperphagia and obesity (Albert & 
Storlien, 1969; Gold, 1973; Sclafani S Grossman, 1969) and 
the finding of increased single cell discharge frequencies in 
the VHH following administration of NA to this area (Goaura, 
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Ooyama, Yamamoto, Ono 6 Kobayashi, 1969). 
It is possible that the electrolytic lesions produced in 
the present experiment could have destroyed portions of the 
VHB or structures innervated by the VNB. The lesions in the 
present experiment were not restricted to the VHH nuclei 
itself and since the most effective lesions for producing 
hyperphagia and weight gain have been found to lie lateral, 
ventral, or caudal to the VMH proper (Brobeck, 1946; 
Hetherington & Sanson, 1942) , it is possible that the ob­
served delay and subsequent increase in food lever pressing 
rates depicted in Figure 3 reflect the direct result of the 
immediate noxious aftereffects of the lesicning process 
coupled with VNB interruption. 
Finally, there also exists the possibility of an inter­
action between V»B=VSB destruction and the increased lesion 
day ICS lever pressing rates seem in the present experiment. 
Although unconfirmed in the present study this suggestion 
does align with previous experimentation. Electrical stimu­
lation of the brain in the medial forebrain bundle-lateral 
hypothalamic area results in increased levels of norepineph­
rine (NE) (Stein S Wise, 1969; Phillippu, 1970) and 
conversely central administration of NE has been shown to in­
crease rates of ICS in this area where the administration of 
the biologically inactive isomer d-norepinephrine does not 
(Wise S Stein, 1969). Considering that this area of the 
U2 
brain produces the most intense electrical self-stimulation 
and since the UFB is a pathway for ascending NA fibers it 
seems logical to conclude that NE may also be responsible for 
the neural reward systems found in this area of the brain 
(Stein, 1964; Stein, 1967) and thus may play a role in the 
increase in intracranial self-stimulation found in the 
present experiment following VBH destruction. 
In summary, the results of the present experiment reveal 
significant increases in responding for reinforcing ICS fol­
lowing VMH destruction without immediate postlesion depres­
sion, followed by return to prelesion self-stimulation rates 
on subsequent posttesting days. This transitory increase 
appears to be the result of the pain and/or fear reducing 
properties attributed to positive self-stimulation. In addi­
tion, appstitivs response rates exhibited a delayed increase 
followed on subsequent days by a significant rate increase 
compared to prelesion testing days. This behavior was attri­
buted to an increased hunger motivation which in turn may, at 
least in part, result from the interruption of NA fibers 
passing through this area. If these findings and related ex­
planations are correct, a reexamination of satiety theory and 
related models (Hoebel, 1969) is in order. 
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Hypotheses suggesting central nervous system regulation 
of food intake have appeared in clinical literature for well 
over a century. Injury or tumor growth in the area of the 
hypothalamus was often designated as the cause of hyperphagia 
and obesity. Hohr (1840) was the first to give a detailed 
account of the symptomatology of what is now known as 
hypothalamic obesity. Frohlich (1902) , however, suggested 
that pathological obesity was caused by a pituitary 
dysfunction which was usually accompanied by gonadal atrophy 
(Frohlich*s Syndrome) . Erdheim (1904) took issue with 
Frohlich*s observations stating that tumor growth near the 
base of the brain could produce obesity without causing ex­
tensive damage to the pituitary. Erdheim suggested that the 
locus of the etiological mechanism was to be found at the 
bass cf the brain rather than the pituitary itself. Aschner 
(1912) provided experimental support for Erdheim's hypothesis 
in that surgical removal of the pituitary did not produce 
concomitant obesity in dogs. 
a series of studies by Hetherington and Ranson 
(Hetherington 5 Ranson, 1939, 1940; Hetherington, 1941) led 
to an apparent final resolution of the previously long 
standing controversy regarding the etiology of obesity. 
Using stereotaxic surgery procedures, these investigators 
induced obesity in rats by placing lesions in the medial 
hypothalamus without apparent hypothyseal damage. Brobeck ^  
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al.. (1943) reported that hyperphagia was the important 
factor in the pathogenesis of hypothalamic obesity and 
further localized the effective lesion site to the 
ventromedial hypothalamus (VHH). Obesity resulting from VHH 
destruction has subsequently been clearly produced in many 
species of animals including dogs (Heinbecker, White, S Bolf, 
1944), cats (Wheatley, 1944), monkeys (Anand, Dua, 6 
Shoenberg, 1955) and mice (Mayer, French, Zighera, S 
Barrnett, 1955). 
The behavioral and physiological changes following VHH 
destruction were first characterized by Brooks and Lambert 
(1946) as a two-stage syndrome. In the first, or dynamic, 
stage there is a period of excessive feeding and rapid weight 
gain that persists for several months. In the second, or 
static phase; the obese body weight stabilizes and is main­
tained with a slightly more than normal food intake. 
Destruction of the VHH produces various anatomical and 
physiological disturbances in addition to the prominent 
symptoms of hyperphagia and obesity. Besides the enormous 
quantity of fat deposited following VHH destruction there is 
often hypertrophy and lesioning of the gastrointestinal 
walls, structural and functional abnormalities of the kidneys 
and liver and, as noted above, hypoplasia of the gonads and 
genitalia. These abnormalities may also be accompanied by 
disturbances of general activity- heat production, and estrus 
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cycles (Grossman, 1967). 
Some investigators have found the hyperphagia following 
VHH destruction to occur in varying degrees. Kennedy (1950) 
and Brooks and Lambert, (1946) reported positive correlations 
between extent of VHH destruction and resultant hyperphagia 
and obesity. Kennedy (1950) has also shown that the VHH need 
not be destroyed completely to produce obesity. Unilateral 
lesions of the VMH can also produce the classical 
hypothalamic hyperphagic syndrome although the magnitude of 
the effect is roughly one-half that usually observed after 
bilateral lesioning (Mayer 5 Barrnett, 1955). 
Anand and Brobeck (1951b) made electrolytic lesions in 
various hypothalamic regions of rats and cats and found that 
cessation of eating, even in hyperphagic animals, was pro­
duced by bilatéral lesions i n  the lateral hypothalamus ( I n ) .  
These authors suggested that the LH is a "feeding center" 
containing a basic mechanism for the regulation of food 
intake and the VHH is a "satiety center" containing an 
inhibitory food intake mechanism. In accordance with this 
hypothesis other investigators have found that electrical 
stimulation of the LH induces food intake in fully sated 
animals (Delgado & Anand, 1953; Larsson, 1954; Smith, 1956; 
Byrwicka S Dobrzecka, 1960; Morgane, 1961a) while electrical 
stimulation of the VMH decreases food intake in hungry 
animals (Anand 8 Dua, 1955; Smith, 1961)• 
66 
Host of the early research concerned with the regulation 
of food intake was composed of investigations often devoid of 
any theoretical consideration. If motivational constructs 
were advanced they were generally based upon the model im­
plied by Cannon (1934) in his classical statement of the 
local theories of hunger and thirst. As the body of research 
on hunger grew investigators were forced to abandon older 
conceptualizations and follow newer theories, not only in the 
study of hunger motivation, but also in the application of 
motivational concepts to other areas of psychology. Stellar 
(1954) was the first physiologist to envision a physiological 
mechanism that could encompass all motivated behavior. The 
basic assumption in Stellar*s scheme was that "the amount of 
motivated behavior is a direct function of the activity in 
certain excitatory centers in the hypothalamus" (Stellar, 
1954, p. 6). Food intake, according to Stellar*s hypothesis, 
%as controlled by tsc interacting regulatory "centers"; an 
excitatory center thought to lie in the LH and an inhibitory 
center thought to be located in the VMH. Internal, chemical, 
physical, and sensory stimuli, as well as neural influences 
from peripheral and central sources were thought to influence 
food intake by acting on these hypothalamic centers. Hunger, 
according to this hypothesis, was directly proportional to 
the amount of neural activity in the LH feeding center. (As 
we already have seen there is some evidence for this 
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hypothalamic theory of hunger.) Although Stellar's model was 
found to be very workable, subsequent researchers were quick 
to point out the difficulty in attributing a complex spectrum 
of physiological processes to a single physiological event 
(Horgane, 1969). 
Although Stellar's theory was critically attacked for 
its narrowness and its simplification of the problems at 
hand, other investigators continued to point to direct in­
volvement of both the VBH and LH in food intake. For exam­
ple, Brobeck, Larsson, and Reyes (1956) recorded EEG activity 
from the hypothalamus of anesthetized cats. The cats were 
given amphetamine derivatives (e.g. , Benzedrine) that normal­
ly depress food intake. The EEG activity of the medial 
hypothalamus was augmented in frequency and amplitude 
suggesting that the drug excites activity in the inhibitory 
or satiety center. Epstein (1959) was also able to show that 
other anorexigenic (hunger reducing) agents like amphetamine 
suppress eating even more effectively in hyperphagic rats 
than in normal animals. 
Miller (1958) has shown that eating responses that are 
elicited electrically seem to function as if they are 
motivated by a natural hunger state. After food satiation, 
thirsty rats would leave a water spout to push a panel to 
obtain food when stimulated electrically in the LH. Similar­
ly. LH stimulation activated a food satiated rat to make bar 
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pressing responses that were rewarded with food, and to drink 
milk. Termination of such central stimulation also served as 
a reward in a learning situation. 
If the VHH acts as an inhibitory center in the control 
of food intake, it would be reasonable to ask what effect 
gastric distention would have on food intake. The vagus 
nerve has been described as carrying afferent signals from 
the stomach to the brain (Paintal, 1954). Towbin (1955) has 
shown that dogs on ad lib feeding and drinking schedules eat 
and drink more often after sectioning of their vagus nerves. 
Inflation of an intragastric balloon not only fires sensory 
fibers in the vagus but also alters the electrical activity 
of the VHH (Sharma, Anand, Dua, & Singh, 1961). 
As described above, electrical stimulation of the LH 
induces feeding (Dslgadc £ Anand, 1953), but in the VSH the 
reverse is true, stimulation suppresses feeding (Anand & Dua, 
1955) , Olds (1960) has shown that rats will press a lever 
repeatedly to stimulate the LH but will work to avoid stimu­
lation of the VHH (Olds, 1960) . Thus it appears that the 
tissue in the LH which is activated during feeding lies 
within a system where stimulation is reinforcing, whereas the 
inhibitory satiety center (VBH) lies within an aversive 
region of the brain. Hoebel and Teitlebaum (1962) and 
Margules and Olds (1962) have shown that through this 
anatomical overlap there is a functional correlation between 
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feeding and self-stimulation. They found that hypothalamic 
systems that regulate feeding also exhibit a similar control 
over self-stimulation; moreover, they found that as food 
satiates hunger it also decreases the rate of intracranial 
self-stimulation. To state their findings briefly, when 
feeding was elicited or increased by ablation or 
anesthetization of the VHH so was responding for ICS. When 
feeding was inhibited by these same procedures, so was 
responding for ICS. 
Valenstein, Cox, and Kakolewski (1968, 1969, 1970) have 
conducted a series of experiments that have led to an alter­
native interpretation of hypothalamic function and organiza­
tion in the regulation of feeding behavior. The initial 
reports from these investigators stressed the fact that be­
havior elicited by electrical stimulation was subject to 
change without any modification of the stimulus parameters. 
For example, Valenstein et al. (197C) found that a site where 
stimulation always elicited feeding could be altered to 
elicite drinking by stimulating in the absence of the 
initially preferred goal object which in this case was food. 
Hilgram, Devor, and Server (1971) have gone further by 
showing that even without removing the preferred object be­
havior would shift from elicited feeding to elicited drinking 
if the subjects were repeatedly tested every day. 
Valenstein's group suggested that the relationship between a 
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specific hypothalamic site activated by electrical stimula­
tion and the resultant behavior pattern is not fixed. In ad­
dition, "the execution of the elicited response is 
reinforcing, not because it decreases some 'hypothalamic 
drive state* but rather as a consequence of the discharge of 
the substrate underlying the response" (i.e., fixed action 
pattern) (Valenstein et al., 1970, p. 29). 
Wise (1968) has offered a counter explanation of the 
data collected by Valenstein et al. (1970) suggesting that 
once behavior was elicited by hypothalamic stimulation a sec­
ond behavior could be elicited simply by increasing the stim­
ulus intensity to a sufficiently higher level. This led Hise 
(1968) to postulate the assumption of interdigitated neural 
circuits mediating different behaviors. Wise suggested that 
the emergence of a second behavior vas not due to the 
enviromental manipulation as Valenstein ^  al. (1970) sug­
gested, but rather to a general increase in the sensitivity 
of the separate neural systems underlying the new behavior. 
Reynolds and Simpson (1969) believe that while the VHH 
may have some satiety function it would probably be 
misleading to designate it as a "satiety center." They 
injected procaine (a local anesthetic that blocks neural ac­
tivity) into the VMH and found that suppression of VMH activ­
ity did not lead to sustained hyperphagia bat did show that 
there yas an initial, but temporary release of feeding 
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shortly after the suppression of the VMH. 
As noted above, conceptualization of food intake mecha­
nisms in terms of a "centers" concept can lead to a 
misconception of the etiological causes of the problem at 
hand. Thus it was reasonable to expect neurophysiological 
investigations which might identify and relate other 
anatomical structures to the feeding and satiety centers. 
The median forebrain bundle (HFE) is a heterogeneous longitu­
dinal band of fibers connecting the septum and preoptic brain 
regions with the midbrain. &s this bundle of fibers 
progresses caudally from its more rostral connections it 
becomes intricately related with the LH. Morrison, Barrnett, 
and Mayer (1958) have even claimed that the HFB itself maybe 
as important as the LH in the control of food and water 
intake: In an attempt to investigate the possibility of HFB 
involvement in feeding behavior Morgane (1961a) 
stereotaxically positioned lesions in the HFB both anterior 
and posterior to the level of the LH and in the LH itself in 
an attempt to isolate this area from the known longitudinal 
fiber systems. In the first experiment, Morgane placed 
lesions in the LH of rats that were 2.5 mm from the midline 
and in a second group the LH lesions were 1.7 mm from the 
midline. Animals in Group 1 showed immediate postoperative 
aphagia and adipsia with their body weight falling to 48% of 
their initial ad lib body weight. Animals in Group 2 also 
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exhibited postoperative aphagia and adipsia, but their weight 
loss was significantly less than Group 1 after the second 
day. In the second part of the experiment, animals sustained 
lesions both anterior and posterior to the LH. In rats whose 
lesions completely isolated the LH no permanent chronic 
effects on food and water or body weight were seen. Morgane 
concluded that the HFB is not a crucial component in the op­
eration of the so called "hypothalamic feeding center". 
In another experiment, Morgane (1961b) again placed 
lesions in the LH at various parasagittal planes designating 
the areas into "far-lateral" (2.5 mm from the midline) and 
"mid-lateral" (1.7 mm from the midline). Morgane suggested 
that the feeding and hunger motivating systems in the 
hypothalamus are separate and distinct. The feeding system 
lies in the far-latsral hypothalamic area ïhile the hunger 
motivating system corresponds anatomically to the more medial 
aspect of the LH. He reached these conclusions by showing 
that mid-lateral lesions produce only transient aphagia and 
adipsia whereas the far-laterally lesioned animals will not 
resume feeding and drinking even after supportive tube 
feeding. In addition, he found that far-lateral stimulation 
provoked feeding in sated animals and motivated crossing of 
electrical barriers to lever press fcr food reward on several 
reinforcement schedules. Bid-lateral hypothalamic stimula­
tion resulted in feeding of sated anisals bat never provoked 
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grid crossing to lever press for food reward. 
More recently. Gold (1973) suggested that lesions in 
the VHH are neither necessary nor sufficient for, and do not 
contribute to the production of hypothalamic obesity. He 
suggested that lesions in the ventral noradrenergic bundle 
(VNB) or its terminals is the anatomical locus of obesity and 
not the VHH. The VMH, it was suggested, is merely a 
prominent landmark in the vicinity of the effective loci. 
Other investigators (Ahlskog G Hoebel, 1973) have also noted 
the possible importance of the VHH as an anatomical area of 
significance in the production of hyperphagia. 
The Lateral Hypothalamic Svndrome 
Investigations of the IH began in 1951 with Anand and 
Brobeck's description of the severe aphagia that follows LH 
their reports a concomitant adipsia following LH lesioning. 
The severity of the adipsia was not fully appreciated until 
Teitlebaum and Stellar (1954) described it in a paper that 
emphasized the transience of both effects. Hontemurro and 
Stevenson (19 57) also described several animals that began 
feeding after LH lesioning but would not drink water 
postoperatively. In 1962 Teitlebaum and Epstein elaborated 
on a detailed description of the successive stages through 
which animals passed from aphagia and adipsia to the return 
of feeding and drinking following the production of LH 
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lesions. This complex of symptoms has become known as the 
lateral hypothalamic syndrome. 
In the immediate period following LH destruction the 
animal is aphagic and adipsia and seems to have an aversion 
toward food and water (Stage 1) . The animals must be kept 
alive by intubation of nutritive substances. This stage 
typically lasts 4-5 days provided the appropriate feeding 
procedures are adopted. With the eating of wet and palatable 
food the animal moves into Stage 2 (adipsia and anorexia). 
Dry food continues to be rejected. The animal's meager 
intake does not meet it's nutritional needs, thus 
supplemental tube feeding must continue. This stage 
continues approximately for 10 days to 2 weeks. Stage 3 
(adipsia and dehydration aphagia) begins with the return of 
regulated intake of «et and palatable food. The anisal 
reaaias adipsic. Animals will accept dry food only if it is 
provided with fluids which have a sweet taste or if 
intubation of water continues. Eventually the animals drink 
water again (Stage 4 - recovery) but not in a normal pattern. 
In Stage 4, and thereafter, drinking is totally prandial and 
the animals are best described as finicky eaters. Teitlebaum 
and Epstein suggested that their evidence is consistent with 
the idea that the LH contains both feeding and drinking 
centers and that these systems overlap in this area of the 
brain. It is also interesting to note that during Stage III 
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animals caa be made "hyperphagic" with respect to palatable 
foods by producing additional VHH lesions (Williams & 
Teitlebaam, 1959), 
With respect to Horgane's findings (1961a, 1961b) one 
might predict two quantitatively different syndromes depend­
ing upon the relative position of the lesion; one transient 
and relatively mild as the result of mid-lateral hypothalamic 
damage, and one severe and permanent as a result of far-
lateral hypothalamic damage. Looking at the rates of recov­
ery of both medial and far-laterally lesioned rats these pre­
dictions seem justified. Epstein (1971) agrees that there 
are different rates of recovery but suggests that the results 
are more likely due to the hyperactivity and increased 
expenditure of energy often found following LH lesioning. 
Tsitlsbaus, Cheng, and Sozin (1969) have suggested that 
recovery from the LH syndrome exactly parallels the stages of 
development of feeding in infant rats whose development has 
been retarded by surgical thyroidectomy. It was reasoned, 
however, that since thyroidectomy also produces a decrease in 
metabolic rate with a corresponding decrease in food intake 
the results of the experiment night be due not to a slowing 
down of development, per se, but rather to an anorexia pro­
duced by a decreased level of metabolism. Other techniques 
were therefore devised to retard development (i.e., chemical 
thyroidectomy, and starvation in infancy) and again a marked 
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parallel to the LH syndrome was apparent. These findings 
lead Teitlebaum to suggest that the process of recovery from 
LH lesions in adult rats is essentially a process of 
reencephalization (Teitlebaum, et al., 1969; Teitlebaum, 
1971). 
To test this hypothesis Teitlebaum and Cytawa (1965) 
functionally decorticated rats (by use of cortical spreading 
depression) in the belief that depressed cortical tissue 
would reinstate the aphagia and adipsia in animals that had 
previously recovered from the LH syndrome. This relapse oc­
curred as expected. 
If Teitlebaum's (Teitlebaum, et , 1969 S Teitlebaum, 
1971) results are correct, we are going to have to change our 
present day conceptions of hypothalamic control of food and 
water intake. The parallel bstyssn recovery and development 
of LH function indicates that hypothalamic "centers", if they 
exist, function normally only as part of a complex highly 
encephalized system or systems. It is also important to 
remember however, that the total role of the neocortex in the 
recovery of ingestive behavior is far from being clearly un­
derstood. 
Epstein (1971) has continued tc emphasize that animals 
"recovered" from the LH syndrome are far from "normal" in 
their capacity to regulate their ingestive behavior. Epstein 
(ÎS71) has recently enlarged the classical LH syndrome by 
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showing that recovered LH lesioned rats are able to regulate 
their food intake after changes in dilution of their diets. 
"Recovered laterals" will also increase their food intake in 
response to cold and decrease it in response to heat in a 
manner similar to normal rats. They also respond normally to 
food deprivation. However, recovered laterals will not eat 
in response to glucoprivation, they will not regulate their 
drinking behavior in response to hydrational change nor will 
they eat or drink foods of minimal palatability. 
Epstein (1971) has provided his own rationale for the LH 
syndrome by stating that LH "lesions interrupt the function 
of all major physiological control systems for the neural 
control of food and water intake and for the translation of 
internal states and afferent inputs into the energizing 
motives of hunger and thzrst" îp* 297)« Several alternative 
interpretations have also been made. Most of these interpre­
tations, however, are mainly concerned with the aphagia-
anorexia accompaning the early stages of the syndrome and 
generally do not deal with the adipsia seen in the syndrome 
as discussed above. 
Some investigators (Saillie S Morrison, 1963; Morrison, 
1968) believe that LH lesions produce a motor deficit as well 
as disorders of locomotion. These investigators believe that 
LH lesioned animals are still motivated to eat, but can not 
do so due to failures in the central nervous system which 
78 
regulate the acts of eating. Saillie and Morrison (1963) 
found that even after LH lesions rats continue to obtain 
their entire food supply by lever pressing for either a 
liquid or an intragastric diet. Failure to eat due to a 
motor disability seems to be a possible explanation only for 
Stage 1 of the LH syndrome because once feeding has begun, as 
in Stage 2, motor explanations are tenuous at best. Observa­
tions of aphagic rats even in Stage 1 creates the impression 
of active rejection of food when food is placed in their 
mouths. Behavior such as wiping food cut of the mouth or 
rubbing the chin against the cage floor is often observed in 
these rats. 
DiCara (1970) has suggested that post-operative recovery 
of lateral hypothalamic lesioned rats depends upon the rats 
pre-operative feeding experiences. 
A more challenging explanation of aphagia following LH 
lesions has been offered by Powley and Keesey (1970). In 
their first experiment these investigators found that rats 
that survived the initial aphagia and anorexia following LH 
lesioning seemed to maintain a lowered body weight. From 
these observatons they suggested that LH lesions produce a 
lowering of the neural set point for body weight regulation. 
As a consequence, rats do not eat or eat less in order to 
permit their weights to reach this ney lowered level. Eating 
yill resume when this lowered body weight is obtained. With 
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this in mind, Powley and Keesey ran a second experiment in 
which rats were reduced to 80% of their initial ad lib body 
weight before LH lesions were produced. This procedure re­
sulted in an acceleration of the stages of recovery following 
LH lesioning. In fact, some animals actually became 
hyperphagic until their new weight plateau was reached. (An­
other difficulty for the motor disorganization hypothesis.) 
although the authors themselves recognize that other inter­
pretations are possible (i.e., growth hormone déficiences) , 
their findings are most provocative and cast the feeding 
déficiences following LH lesioning into a new light. 
An even more recent interpretation of the effects of LH 
lesions has been advanced by Marshall, Turner, and Teitlebaum 
(1971) . They found that by producing unilateral LH lesions 
in rats they could produce deficits in orientation to 
contralateral visual, olfactory, whisker-touch, and 
somatosensory stimuli. These lost functions were found to 
return in a reliable rostral-caudal pattern. In addition, a 
striking discovery was made when an analysis of the relation­
ship between recovery of feeding and recovery of orientation 
to sensory stimuli was compared in bilaterally lesioned rats. 
In all animals the transition from Stage 1 (complete 
aphagia) to Stage 2 (accepting only highly palatable food) 
occurred on the same day that direct head orientation to 
olfactory stimuli and whisker-touch returned. These observa-
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tions suggest that the impairment after LH damage is not 
simply a motor deficit, but instead seems more an inability 
of the rat to integrate sensory information with motor pat­
terns in performing localized responses. 
Chemical Evidence Suggesting Specificity 
of Neuronal Food Intake Mechanisms 
In addition to the stimulation and lesion experiments 
that attribute neuronal influence in the control of food 
intake and obesity, there is complementary data from chemical 
injection experiments suggesting a hypothalamic feeding-
satiety mechanism. Epstein (1960) found that injections of 
hypertonic saline (which presumably activates neural tissue) 
in the ventromedial region of the hypothalamus depressed 
feeding. Injections of procaine which presumably inactivates 
these drugs into the LH produced just the opposite effects; 
saline led to increased food intake and procaine to cessation 
of eating. 
Experiments relating neuropharmacolcgical sensitivity of 
hypothalamic nuclei to a variety of chemical agents was 
initiated by Grossman (1960, 1962a, 1962b, 1964). Grossman 
(1962a) hypothesized that ingestive behavior may be 
neurochemically coded. By implanting double-walled cannulas 
in the LH Grossman was able to chemically stimulate this 
neural area with crystalline chemicals. Placement of minute 
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amounts of adrenergic substances (epinephrine and norepineph­
rine) into the LH induced eating in sated rats. Similarly, 
placement of similar quantities of cholinergic substances 
(acetylcholine and carbachol) into identical animals and loci 
induced drinking in sated rats. Control experiments by 
Grossman have ruled out potential explanations such as 
osmotic stimulation, vasomotor effects, changes in local 
acid-base composition, or nonspecific activation. 
If the above adrenergic and cholinergic stimulation 
effects are do to neurohumoral action, then substances which 
block this action should produce predictable behavioral 
results. Grossman (1962b, 1964) found that the cholinergic 
blocking agent atropine and the adrenergic blocking agent 
ethoxybutamoxane selectively decreased both drinking and 
eating? respectively, pharmacological agents having a direct 
precursor relationship to epinephrine and acetylcholine were 
also introduced into the LH of rats via double-walled cannula 
(Grossman, 1962b, 1964). The results were as expected. In­
jections of dopamine (an adrenergic precursor) in the LH con­
sistently produced eating but not drinking, while injections 
of dimethylaminoethanol (DHAE) induced drinking but no food 
intake. The combined evidence from the above experiments 
demonstrates that adrenergic and cholinergic stimulation of 
hypothalamic cells, synapses, or fibers of passage may be the 
functional property regulating ingestion in the intact rat. 
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Before proceeding, it is important to note that there is 
an enigma surrounding the chemical elicitation of hunger and 
thirst. All of the research presented above suggesting chem­
ical involvement in ingestive behavior was performed using 
the rat as the experimental subject, when other species have 
been used conflicting data is often the result. For example. 
Miller (1965) has noted that in the cat a similar antagonism 
exists between the effects of cholinergic and adrenergic sub­
stances, only in the cat the cholinergic effect is sleep and 
the adrenergic effect is arousal. 
Realizing the possibility of species-specificity in 
connection with chemical stimulation Myers (196%) found that 
cholinergic stimulation of the LH evoked sleep in 
unanesthetized monkeys, but never spontaneous drinking. 
Cholinergic stimulatiou of the ventrosieuial area evoksd rags 
and hypsrexcitabilityo These same neural areas in the monkey 
did not appear to be differentially sensitive to adrenergic 
stimulation even when above physiological drug dosages sere 
used. Other investigators (Sommer, Novin, & LeVine, 1967) 
have elicited eating by injecting carbachol into the 
hypothalamic nuclei of rabbits. The implications of these 
diverse findings are not entirely clear, but they do seem to 
rule out the hypothesis that all eating and drinking system 
neurons in all species are adrenergic and cholinergic, re­
spectively. One possible explanation for the diverse find­
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ings between the rat and the monkey and cat is the relative 
size of the brain being stimulated. Since the rat brain is 
much smaller than the monkey brain proportionately more 
tissue can be stimulated either electrically or chemically. 
Since more brain tissue is being stimulated, rates of 
appearance of behavior would probably be higher in the rat. 
In addition, the larger the brain the more discrete the stim­
ulation and thus a better chance to "dissect" the behavior in 
question. 
Drinking in the rat has also been elicited and blocked 
from areas other than the LH (Fisher S Coury, 1962; Levitt S 
Fisher, 1966). These structures are thought to be organized 
anatomically in terms of the classic Papez limbic circuit. 
Coury (1967) has explored these extrahypcthalamic rat brain 
structures with norepinephrine and crystalline carbachol 
stimulation and found that norepinephrine elicited eating re­
sponses from the dorsomedial hippocampus, mammillary bodies, 
anterior thalamus, cingulate gyrus, lateral septal nucleus, 
some midline thalamic nuclei, and one point in the fornix. 
From these findings he proposed that separate synaptic nets, 
one for the control of hunger and one for the control of 
thirst, are deployed throughout the brain at all levels, 
including neocortical. 
Although the lack of anatomical specificity presents 
some difficulties for the hypothalamic feeding-satiety 
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hypothesis it must be remembered that specific ingestive be­
haviors are not randomly located in the brain as a whole. 
This is strikingly illustrated by the fact that food intake 
resulting from LH stimulation reaches its highest sampling 
rate in the LH. 
Progress in the neuropharmacology of eating behavior is 
dependent upon the constant refinement of hypotheses and 
techniques. The early attempts to elicit eating through 
chemical means (Grossman, 1962a, 1962b) used crystalline 
chemical deposits. This technique introduces variance with 
respect to the dosage level required to obtain the desired 
response, Grossman (1973) has noted that using more refined 
techniques such as microinjections of the adrenergic 
neurohumor epinephrine into the LH also elicits feeding in 
have indicated that both the medial and lateral components of 
the hypothalamic feeding system may be adrenergically mediat­
ed in the rat. It has been hypothesized that there may be 
two different cell varieties since some cells develop specif­
ic receptor mechanisms. Two distinct receptor mechanisms for 
the sympathomimetic amines have been designated as alpha-
adrenergic and beta-adrenergic due to their affinity for 
these amines (Goodman 6 Gilman, 1968). Norepinephrine (NE) 
is the basic activator of the alpha receptor while only a 
weak activator of the beta receptor, where as, isoproterenol 
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is tiie basic activator of the beta receptor (Slangen 6 
Miller, 1969) . Slangen and Miller (1969) also found that 
pretreataent with the alpha-adrenergic antagonist 
phentolanine blocked the action of centrally injected NE 
whereas, pretreatnent with the beta-adrenergic antagonist 
propranolol had no effect. These experiments give strong 
support to the hypothesis that the neural system involved in 
the rat's eating behavior is specifically sensitive to the 
activation of the alpha-adrenergic receptor fay NE. 
Leibowitz (1970) has advanced the hypothalamic feeding-
satiety hypothesis by suggesting that the LH contains neurons 
selectively sensitive to beta-adrenergic agents that normally 
inhibit eating, whereas, the VMM contains neurons selectively 
sensitive to alpha-adrenergic agents that normally stimulate 
eatisg. The anatomical region between the LH and vMH seems 
to possess an intermingling of both alpha and beta receptors. 
She also suggested that both the alpha and the beta 
receptors are inhibitory in nature. It was proposed that 
microinjections of alpha agonists into the VMH should elicit 
eating by inhibiting inhibitory or satiety signals from the 
VMH. These same injections into the LH should have no effect 
on eating. Conversely, beta-adrenergic agonists placed in 
the LH should suppress food intake by inhibiting the 
"feeding" cells in the LH, but should have no effect in the 
V'SH, Leibowitz has shown that her predictions were correct. 
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Leibowitz (1971) has also shown that thirst is regulated 
by the same hypothalamic alpha- and beta-adrenergic systems 
that regulate hunger. Placing beta-adrenergic agonists into 
the LH stimulated thirst in rats, whereas, placement of beta-
adrenergic antagonists suppressed thirst. Converesly, 
placement of alpha-adrenergic agonists into the LH of rats 
suppressed thirst, whereas, placement of alpha-adrenergic 
antagonists enhanced thirst. Leibowitz believes that these 
antagonistic hypothalamic hunger and thirst systems can 
explain how food and water are maintained at a constant 
ratio. Leibowitz (1971) suggested that "a reciprocal 
inhibitory relationship exists between the adrenergic hunger-
and thirst-régulating systems; the inhibitory interaction, in 
which the alpha transmitter functions simultaneously as a 
hunger stimulator and a thirst suppressor, keeps feeding be­
havior active shile drinking behavior is inhibited, and the 
simultaneously as a thirst stimulator and a hunger suppres­
sor, keeps drinking behavior active while feeding behavior is 
inhibited" (p. 333) . 
Although the above chemical stimulation experiments have 
produced advances in our understanding of ingestive behavior, 
finer grained techniques of analysis are still needed. It 
becomes very difficult to imply specificity to particular 
cells by local drug application through relatively large 
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cannula. & more precise approach to the problems at hand re­
quires the electrophoretic application of chemically active 
substances to single brain cells. Bloom, Oliver, and 
Salmoiraghi (1963) have already found that single 
hypothalamic neurons are sensitive to acetylcholine (Ach) and 
norepinephrine. As will be shown in the next section, stud­
ies on unit activity have demonstrated a reciprocal relation­
ship between the medial and lateral hypothalamic regions. 
Oomura, Ooyama, Yamamoto, Ono, and Kcbayashi (1969) have de­
termined the chemical sensitivity of the cells involved in 
these reciprocal relationships. These investigators found 
that the LH is significantly more sensitive to Ach than the 
VMH. In the LH significantly more cells increased their rate 
of firing in response to Ach, whereas, in the VMH signifi-
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to the application of Ach. Furthermore, NE applied to the LH 
initiated activity in many of the same neurons as Ach. In 
the VMH norepinephrine increased some unit activity and 
decreased others. This indicates at least two NE sensitive 
systems; thus any procedure which floods the medial-lateral 
hypothalamic area with norepinephrine is capable of eliciting 
behavior that may be resultant of two influences. No 
regional differences were found between cells of the LH and 
VMH for other expected neurohumors tested (e.g., 
gamma-anino-buturic-acid and glutamate). 
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Another approach to the chemical treatment of feeding 
lies in the ventricular fluids. Myers and Yakshi (1968) have 
found that intraventricular injection of NE elicited 
hypothermia and consumption of Noyes pellets, but not 
drinking. Studies such as Myers and ïakshi (1968) have led 
Routtenberg and Bondareff (1969) to express concern that 
direct chemical treatment of the brain may be misleading be­
cause of chemical spread, particularly into the venticular 
fluids. However, Myers (1969) produced eating in satiated 
monkeys by injecting the LH with cerebrospinal fluid collect­
ed from a hungry monkey. Injecting the same fluid into the 
recipient's ventricles was not effective. Myers (1969) has 
also shown that by using control site chemical injections, a 
1 mm change in the cannula position can change the behavioral 
effects of the injection entirely, even when the move places 
the cannula closer to the ventrical, although behavior is 
the real test, seasuressnts of chemical spread by 
histochemical fluorescence (Routtenberg S Bondareff, 1969) or 
radioactive labeling (Grossman 6 Stumpf, 1969) have demon­
strated that chemicals do not usually diffuse more than half 
a millimeter beyond the cannula tip. 
Margules (1970a) has proposed a different view of the 
functions surrounding alpha- and beta-adrenergic receptors, 
Margules has presented evidence suggesting that the alpha-
adrenergic receptors in the perifornical median forebrain 
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bundle (pKFB) are responsible for the interceptive cues of 
satiety. The alpha-adrenergic blocking agent, phentolamine 
was applied bilaterally to the pMFB causing intense 
overeating of milk. This effect was fcund to be anatomically 
localized. In addition, application of norepinephrine sup­
pressed the intake of milk. Note that the results of 
Bargules (1970a) are in direct opposition to the alpha-
adrenergic feeding theories of Grossman (1962a, b) and Hiller 
(1965). Direct bilateral application of the beta-adrenergic 
agonist isoproterenol to the pHFB also suppressed the intake 
of quinine adulterated milk, but did not suppress the intake 
of sweet milk (Margules, 1970b) . This same selective 
suppression of quinine adulterated milk was also demonstrated 
in rats that received intraperitoneal injections of 
isoproterenol. Several days after such treatment,- conditioned 
suppression of the adulterated milk occurred. This led 
Margules (1970b) to suggest that the beta-adrenergic 
receptors in the hypothalamus participate in the formation of 
nonconditioned taste aversions. 
Coons and Quartermain (1970) have interpreted the 
results of Margules (1970a, b) somewhat differently. These 
investigators found that small fluid doses of NE elicited a 
small amount of eating but that rats would not work by bar 
pressing for this food. This agrees with the finding that 
rats eating in response to SE have less tolerance for quinine 
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ia their milk (Margules, 1970a). Instead of suggesting that 
NE stimulates a system for finicky eating. Coons and 
Quartermain (1970) suggested that even small doses of NE 
overwhelms the feeding system, thus resembling by analogy the 
finickiness and motivational depression found after 
ventromedial hypothalamic lesions. 
Leibowitz (1971) also disagreed with Margules* (1970a) 
finding that NE suppresses milk intake. Leibowitz found that 
water intake is suppressed by NE and enhanced by phentolamine 
which is in direct contrast to her findings with food. These 
findings lead Leibowitz (1971) to suggest that Margules' 
studies measuring milk intake actually are measuring thirst 
as opposed to hunger. 
One attempt to resolve the controversy between the 
noradrenergic feeding and the noradrenergic satiety theory 
has already been proposed by Margules, Lewis, Dragovich, and 
Sargules (1872) . These researchers presented evidence 
suggesting that the time of day when NE is injected into the 
LH is a decisive factor in determining the effects SE will 
have on feeding behavior. Hhen NE vas directedly applied to 
the hypothalamus of rats in the dark, the rats suppressed 
their feeding behavior. If the same dosage of NE was admin­
istered to the same subjects during periods cf light, feeding 
behavior was facilitated. (It should be noted that Grossman 
(1962a) injected NE during periods of light.) It appears 
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that the ingestive behavior seen after the direct application 
of chemical substances into the brain of rats is dependent 
upon the endogenous level of these substances at the time of 
the injection. This evidence suggests that the 
neurochemistry of the hypothalamus is not a steady state, but 
fluctuates according to a circadian rhythm. 
Anatomical Evidence for VMH-IH Connections 
If one is going to hypothesize about dual neural mecha­
nisms controlling feeding behavior, it becomes necessary (if 
only for parsimony) to identify anatomically the various 
connections between the two areas involved. Research 
suggesting anatomical connections between the VHH and LH has 
generally taken one if three forms; neurcanatomical investi­
gations of fiber degeneration following lesioning, 
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investigations producing knife cuts between the VHH and LH. 
Both Nauta (1958) and Szentagotha. Flerko, Mess, and Halasz 
(1968) have described fibers running from the LH to the VHH. 
Arees and Mayer (1967) have also described reciprocal 
anatomical connections between the medial and lateral por­
tions of the hypothalamus. Degenerating axons have been 
found in the LH following lesions in the VHH and immediately 
adjacent tissue (Sutin fi Eager, 1969) thus suggesting 
aultisynaptic projections from the VHH tc the LH, 
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Oomura, Kimura, Ooyama, Maeno, Iki, and Kuniyoshi (1964) 
have described studies of the activity of single neuronal 
units in the LH and in the VHH yielding information on the 
reciprocal activities of each of these areas. They observed 
that tetanic stimulation of the LH of cats decreased dis­
charges in the VMH (21 of 25 neurons), while discharges in 
the LH (15 of 16 neurons) increased to twice their normal 
frequency during stimulation. Stimulation of the VHH 
decreased the discharge frequency of the LH (9 of 10 neu­
rons) . 
Other evidence suggesting direct inhibitory connections 
between the VMH and LH comes from studies making transections 
between these structures with the use of retractable wire 
knives (Albert 5 Storlien, 1969; Sclafani S Grossman, 1969; 
Gold, 1970; Sclafani, Berner, 6 Maul, 1973). In each case an 
increase in food intake and a rapid weight gain similar to 
that occurring after VMH Issioning was produced. 
Ellison (1972) has described a wire knife for making 
subcortical tissue islands. An implanted guide shaft was 
used with a wire shaped similar tc a Z such that when one end 
of the wire was turned it caused the other end to sweep 
around inside the brain. Ellison, Sorenson, and Jacobs 
(1970) have shown that following circaasection of the 
hypothalamus the two familiar feeding syndromes can be pro­
duced. Depending upon the size of the hypothalamic island 
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Ellison (1972) has shown that rats become immediately aphagic 
and adipsic and must be tube fed if they are to survive. 
Other animals with generally smaller islands have shown 
feeding behavior within minutes after circumsection. The 
production of hypothalamic islands has become a valuable 
technique in triangulating the effects of hypothalamic neural 
systems. 
Theories of Obesity Suggesting 
Hypothalamic Involvement 
A large amount of evidence has already been presented 
suggesting a reciprocal relationship between the VMH and the 
LH. Briefly, these experiments are based primarily on physi­
ological and behavioral research suggesting ventral braking 
of the lateral feeding mechanism. These notions have become 
 ^Ç» CT  ^  ^ V*  ^  ^««k w* V* wa W <Jk W ^  ^  ^  ^  # 
Some investigators have tried to explain the regulatory 
nature of the VMH on the basis of a unique signal. The regu­
lation of temperature (Anderson 6 Larsson, 1961), fats 
(Kennedy, 1950), groups of or single amino acids (Mellinkoff, 
Frankland, Boyle, 5 Greipel, 1956) and glucose (Hayer, 1955) 
have all been advanced as being the monitored agent. Of all 
the monitoring theories perhaps Mayer's glucostatic theory 
has received the most attention. 
Mayer (1955) believed that what is being monitored by 
the VMH is not the absolute level of glucose available in rhe 
9U 
blood, but the rate of glucose utilization as measured by 
A-glucose. A small A-glucose would reflect conditions 
signaling food intake, while a large A-glucose would reflect 
conditions signaling satiation, regardless of the absolute 
glucose level. Strong support for Mayer's contention that 
glucoreceptors reside in the VMH comes from investigators at­
tempting to induce obesity in animals using injections of 
gold thioglucose (GIG) . Whether injected centrally or 
peripherally, GTG produced selective damage in the VMH in 
both rats (Smith S Britt, 1970) and mice (Brecher & Waxier, 
1949). Glucose supposedly carries the toxic gold molecule to 
the receptor cells in the VMH where the destruction occurs. 
Mayer and Marshall (1956) have also shown that while GTG 
treatment induces obesity, other gold thio-compounds are not 
effective. 
Sharsa, ?.sand, Dea, and Singh (1961) found so change in 
the EEG activity in the satiety centers of cats and monkeys 
after intravenous administration of glucagon, hence they 
ruled out any direct action of glucagon on the satiety 
center, on the other hand, when glucagon raised blood sugar, 
as well as increasing the A-glucose levels, the electrical 
activity of the satiety center increased. Less favorable to 
Mayer's hypothesis are the findings of Epstein (1960). He 
observed no change in food intake following injections of 
glucose into either the LH or VHH. Injections of other 
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agents (i.e., procaine or saline) on the other hand, affected 
food intake significantly. 
Russek (1971) agrees that gluccreceptors may be 
5 
monitoring A-glucose levels in the blood but disagrees as to 
their location. Glucose receptors have been found in the 
liver (hepatic glucoreceptors (Niijima, 1969)) where they re­
spond in a similar way to glucose and ammonium. It is these 
hepatic glucoreceptors that Bussek suggests produce the "real 
hunger signals". 
Another alternative explanation for satiety theory has 
been proposed by Reynolds (1965) and supported by Rabin and 
Smith (1960). Although satiety theory is appealing due to 
its simplicity and comprehensiveness, Reynolds (1965) sug­
gested that its results are based on artifacts of the lesion 
procedure. Host of the evidence supporting satiety theory 
comes from experiments which electrolytically destroy the 
VHH. It is Reynold's belief that the scar tissue produced by 
the lesion may have irritative effects on the surrounding 
tissue. Hyperphagia may arise, therefore, from the chronic 
irritation (metallic ions) of the adjacent lateral feeding 
center. To test this hypothesis Reynolds (1965) lesioned the 
VHH in rats using radio-frequency current and found no corre­
sponding hyperphagia. Dahl and Ursin (1969) agreed with the 
irritative hypothesis but emphasized that accurate neural 
destruction must accompany the irritation in order to obtain 
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obesity. Other investigaters using radio-frequency current 
(Hoebel, 1965) or knife cuts (Albert 6 Storlien, 1969) have 
found hyperphagia without metallic ion irritation and, 
therefore, oppose Reynold's hypothesis. 
Cox, Kakolewski, and Valenstein (1969) suggested that 
the crucial question is not irritation, but sex, since female 
rats become obese relative to their controls, while male rats 
tend to gain relatively little weight following VMH 
destruction even though slightly hyperphagic. Balagura and 
Devenport (1970) found that soon after lesions, female rats 
given small food pellets eat larger and more frequent meals, 
whereas, lesioned males increased their meal frequency, but 
not size. Pfaff {1969b) using hypothysectomized and 
gonadectomized rats to gain experimental control of rats's 
hormone functions found that growth hormone increased food 
intake in sales, but not in females, while prolactin did the 
opposite. Ventromedial lesions decreased growth hormone and 
increased prolactin in male and female rats, respectively. 
This could tentatively account for lesser hypothalamic 
hyperphagia in males than females. 
Hypothalamic obesity can develop in the absence of 
hyperphagia (Han, 1967). Using carcass fat content as the 
criterion for obesity instead of ad lib weight gain, Han 
(1967) found that rats would become obese, with out 
hyperphagia. 
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The importance of fat stores is also seen in the propo­
sition that there are individual differences in the base line 
for fat stores. As mentioned earlier, Povley and Keesey 
(1970) have shown that rats with LH lesions lower the level 
at which they regulate their body weight. Here recently the 
VMH has been cited as the mechanism (ponderostat) responsible 
for maintaining fat stores at a baseline or "set point" level 
(Nesbitt, 1972). In fact, Nesbitt (1972) believes that both 
the VMH and LH function reciprocally in maintaining the set 
point established by heredity and nutritional conditions 
during early childhood. 
If the VHH is going to be regarded as a "ponderostat", 
then it is necessary to hypothesize that when an animal expe­
riences an energy deficit a functional lesion occurs in the 
VMH TK-ÎC " in -«-I ITTI cnrrrf  o C+-Q •• 'ho VMH î c ^anaK' lo f \ f  
responding to day-to-day changes in energy expenditure. This 
has been shown to occur. Electrophysiological recording in 
the VHH during feeding or glucose administration has shown an 
increase in the activity of the cells concerned, whereas, LH 
activity tended to be lowered (Anand, Dua, S Singh, 1961; 
Anand, Chhina, Sharma, Dua, & Singh, 1964) . It is also in­
teresting to note that Pfaff (1969a) has shown that the 
nucleoli in the cells of the VHH are smaller in animals held 
to a small food intake than in well-fed animals. Since 
nucleolus size is correlated with cellular activity it seems 
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plausable to assert that the VHH is indeed attuned to 
nutritional states. 
VMH Destruction and the Question of 
Hunger Motivation 
Some investigations of VHH function have shown that al­
though VMH lesioned rats overeat and become obese they are 
less willing to work for food than normal control animals 
(Miller, Bailey, 6 Stevenson, 1950; Teitlebaum, 1957), This 
is not the type of behavior which would be expected from 
hyperphagic animals. This paradox of hyperphagia and 
decreased hunger motivation is most frequently resolved by 
stating that although VMH lesioned rats overeat, they are 
less hungry and have lower hunger motivation (Teitlebaum, 
1971). Another explanation has been advanced due to the fact 
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(Grossman, 1967; Singh, 1969). Singh (1973) has suggested 
that the poor performance of hyperphagic rats results from 
their hyperemotionality rather than decreased hunger. Singh 
(1973) found that extensive pretraining cn a work situation 
would habituate the rat's emotional response to that situa­
tion thus equating VHH and control group performance. 
Investigators have recently questioned the hypothesis of 
decreased hunger motivation following VMH lesions (Kent S 
Peters, 1973; Peters, Sensenig, 6 Beich, 1973; Hampler, 
1973). By using more appropriate between-group comparisons 
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and testing procedures Kent and Peters (1973) have shown that 
VHH lesioned rats are more motivated to obtain food on vari­
able interval schedules of reinforcement, straight-alley, and 
ingestion rate tasks. This interpretation of VMH lesion 
effects has been enlarged to include responding for food 
reward on fixed-ratio (FR) schedules of reinforcement (Peters 
et al., 1973). Peters et (1973) found no differences in 
FR performance (64:1) between lesioned rats and control rats 
when both groups were maintained at 80% or 90% of their 
preoperative baseline body weights. Lesioned animals 
performed at a significantly higher level however, at 100% 
body weight. 
In addition to the testing procedures listed above, 
hunger motivation can also be reflected in changes in the 
rate of bar-pressing for intracranial self^stimulation. For 
example, response rates for ICS have been shown to increase 
during periods of food deprivation (Hargules & Olds, 1962; 
Wilkenson S Peele, 1962; Mount & Hoebel, 1967) and electrode 
preferences have been shown to shift with shifts in drive 
states (Gallistel & Beagley, 1971). Some investigators have 
tended to point out disadvantages with the rate of response 
measure (Bodos S Valenstein, 1962; Terman, Teraan, S Kling, 
1970) ahile others have supported it as a valid reflection of 
hunger motivation (Sidman, Brady, Boren, Conrad, G Schulman, 
1955; Pliskoff, Wright, S Kaskias, 1965). Valenstein (196%) 
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has suggested that the increase in activity which is corre­
lated with food deprivation may elevate the response rate of 
animals lever-pressing for ICS without changing the rein­
forcement properties of the brain stimulation. Ever since 
Olds and Hilner (1954) announced their discovery of positive 
reinforcement from ICS investigators have held a widespread 
interest in the phenomenon in the hope that further study 
would provide insight into the way conventional reinforcers 
reinforce. It, therefore, becomes crucial to determine 
whether ICS is an appropriate analog of conventional 
reinforcement; that is, does ICS trigger the same pathways or 
nuclei that are active when an animal obtains reinforcement 
by eating, drinking, copulating etc. As will be seen in the 
next section, many of the theories attempting to explain re-
are based on this very question as well as the many anomalies 
surrounding ICS (Beid 6 Porter, 1965). 
Before discussing theories of ICS it would be beneficial 
to review some of the apparent differences between ICS-
reinforced behavior and conventionally reinforced behavior. 
Studies have shown that ICS-maintained behavior is different 
from conventionally reinforced behavior in that it 
deteriorates more rapidly as a result of temporary or perma­
nent withdrawal of the primary reward (Culberson, Kling, & 
Berkley, 1966; Gibson, Beid, Sakai, & Porter, 1965). This 
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anomaly has also been offered as an explanation for the find­
ing that animals responding for ICS reward in runway situa­
tions perform more poorly after long, as opposed to short, 
intertriai intervals (Gallistel, 1967) as well as for the 
fact that animals show overnight performance decrements in 
responding <Beid, Wasden, 6 Courtney, 1970; Wasden, Eeid, & 
Porter, 1965). 
Another apparent difference between ICS reinforced be­
havior and conventionally reinforced behavior is the finding 
that animals responding for ICS seem to be insatiable (Olds, 
1958) whereas animals responding for conventional rewards 
show a more rapid tapering off of the response rate. 
Other differences are suggested by the fact that animals 
will choose to respond for ICS reward instead of conventional 
rewards under periods of food deprivation (Scuttenberg & 
Lindy, 1965; Morgan 6 Hogenson, 1966) as well as the fact 
that it is more difficult to impart secondary reinforcement 
properties to a neutral stimulus when that stimulus is paired 
with ICS reinforcement (Mogenson, 1965) . 
Although these differences are in part dependent upon 
the locus of stimulation and the stimulus parameters etc., 
their presence must somehow be explained. 
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Theories of Intracranial Self-Stimulation 
James Olds was the first investigator to formulate a 
comprehensive theory of electrical brain stimulation. 
Advancing a hedonistic theory. Olds (1958) postulated that 
positive intracranial self-stimulation (P-ICS) was the result 
of the stimulation of various "pleasure centers" in the 
brain. In addition, these primary reward systems were 
thought to be subdivided into various drive-reward subsystems 
which were then thought to mediate specific drives such as 
hunger and sex. 
From direct observations of animals responding for ICS 
Porter, Conrad, and Brady (1958) noticed that electrical 
stimulation frequently was associated with seizure activity. 
Porter et al., (1958) formulated a theory around these obser-
may elicit seizure activity which in turn produces a state of 
euphoria. These states serve as reward for the continuance 
of self-stimulatory behavior. Along these same lines Ball and 
Adams (1965) postulated that ICS reduced the noxious after 
effects of the previous ICS application. 
Most of the above theories have been important in 
stimulating further research and thought but generally have 
not withstood the test of time. The first major theory of 
electrical brain stimulation was the drive decay theory of 
Deatsch and Kcsarth (1953). This theory assumed that when a 
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brain is electrically stimulated the electrode is stimulating 
both motivational and reinforcement pathways. Initially the 
motivational pathways are nonfunctional, since the animal 
will not automatically self-stimulate his own brain. Howev­
er, each time the animal is given brain stimulation the stim­
uli from that event are immediately followed by stimulation 
of the reinforcing pathways which adds an increment of 
strength to the motivational pathways. As the motivational 
pathways become functional each additional lever press pro­
duces additional motivational excitation. When the 
motivational pathway becomes functional, ICS will elicit 
lever pressing and the animal will have learned to press the 
lever. Deutsch and Howarth (1963) were particularly inter­
ested in the rapid extinction seen following lever pressing 
for ICS, They suggested that extinction of ICS vas a func­
tion of the time since the last reinforced bar-press and thus 
independent of the total number of nonreinforced bar-presses 
(Deutsch S Howarth, 1963; Howarth & Deutsch, 1962) . 
Although Deutsch and Howarth (1963) experimentally sup­
ported their contentions the theory has been challenged by 
investigators who find no effect of intertriai interval (ITI) 
duration (Kornblith & Olds, 1968), gcod performance on poor 
schedules of reinforcement (Pliskoff et al., 1965), a 
disappearance of rapid extinction with training (Pliskoff 6 
Hawkins, 1963), and evidence that the apparent differences 
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between ICS and conventional reinforcers may be artifacts of 
the reward procedures (Gibson et ^ 1., 1965). 
A more elaborate form of this hypothesis has been pro­
posed by Routtenberg (1968) who argued that septal and 
hypothalamic stimulation both are controlled by different 
underlying neural substrates since their interaction with 
autonomic responses (such as heart rate changes) , aversive 
and fear provoking stimuli seem to differ. Septal stimula­
tion, he suggested, acts through suppression of "Arousal 
System I" which he associated with the reticular activating 
system, and to which he attributed drive properties. Arousal 
System I was thought to be related to Arousal System II, 
which he associated with the limbic system, and for which he 
postulated positive incentive properties. Stimulation of 
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stimulate simultaneously both Systems I and II, One might 
think of hypothalamic reward as having exciting effects and 
septal reward as having quieting effects with both conditions 
being rewarding. This hypothesis of increasing and decreas­
ing arousal systems both leading to rewarding effects is not 
dissimilar to the optimal level arousal theories postulated 
by Hebb (1955) and defended by Malmo (1959) . 
Some investigators iwasden 6 Reid, 1968; Kent & 
Grossman, 1969) believe that rewarding brain stimulation pro­
duces behavioral effects which are very similar to those 
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elicited by conventional positive reinforcement. Kent and 
Grossman (1969) have stated "that stimulation of most, if not 
all, areas of the brain may induce concurrent positive and 
negative affects, and that behavior may be determined by the 
relative intensity of the two components" (p. 381). Accord­
ing to these investigators, ICS produces concurrent "reward" 
and "aversive" effects which establish approach-avoidance be­
havior conflicts. Anomalies such as overnight performance 
decrements, intertriai interval duration, and priming effects 
have been explained by this conflict interpretation. 
There are other theories of ICS which agree with the 
premise that the properties of rewarding electrical stimula­
tion of the brain are similar to those of conventional 
rewards but disagree about how the differences occur. One 
such theory has been advanced by Trowill. Panksepp. and 
Gandelman (1969). Since responding for ICS can be obtained 
in animals showing no apparent need cr drive state Trowill et 
al., (1969) hypothesized that drive is not necessary for ICS 
responding. Responding can be maintained by the motivational 
properties inherent in ICS reward in the form of incentive 
motivation. According to this theory responses are energized 
by the anticipation of the stimulus (i.e. ICS} and are 
reinforced by its realization. Differences between ICS and 
conventional responding are explained by the differences in 
deprivation training conditions. For ezasple, the differ­
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ences in extinction seen after both types of responding can 
be explained by suggesting that the tempore-spatial relations 
between response and reinforcement are different. If the 
response-reinforcement delay is equated in both situations, 
extinction of the self-stimulation response is significantly 
prolonged (Gibson, et al., 1965; Pliskoff, et al., 1965). 
Finally, Lenzer (1972) has skillfully attempted to 
answer many of the anomalies surrounding ICS by postulating 
an associative model of electrical brain stimulation. Ac­
cording to Lenzer, behavior can be understood by specifying 
the stimuli that are controlling the behavior in any given 
situation. To understand ICS, therefore, one must attempt to 
identify the stimuli that control or come to control ICS 
maintained behavior in any given situation. For animals 
respoading for ICS on a continuous reinforcement schedule the 
controlling stimuli are the internal stisuli produced by the 
ICS. 
In situations were there are long intervals between ICS 
reinforcement the stimuli controlling the behavior are no 
longer internal (because ICS produced stimuli decay rapidly) 
and therefore the animal must learn to respond to other 
discriminitive stimuli in the environment. It is this com­
plex of stimuli that supposedly elicits running a maze, 
pressing a bar, or performing discriminations for ICS. 
Thus, ICS is considered to be different from conventional 
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reiaforcers when ICS rewards follow one another closely in 
time. Explaining the rapid rate of extinction following CRF 
training is quite simple in Lenzer's associative model. Ex­
tinction occurs rapidly because the ICS produced controlling 
stimuli are no longer present or effective. Tests of 
Lenzer's model of intracranial reinforcement have already ap­
peared, however, they have not confirmed his hypothesis. 
Reid, Casper, and Smith (1973) found that rats ran an alley 
just as efficiently when the opportunities for associative 
binding were maximized (priming in a room away from the 
alley) as when they were minimized (priming in the alley). 
Regardless of the interpretation one attaches to elec­
trical brain stimulation it has been shown to be an important 
psycho-physiological technique especially in eliciting 
stiEuius-bousd behaviors and in detsrsining the motivational 
consequences of brain lesions. 
Appetitive Behaviors Elicited Through 
Electrical Brain Stimulâtion 
Prolonged electrical stimulation of hypothalamic struc­
tures is capable of eliciting eating, drinking, attack, 
gnawing, or sexual behaviors. These responses have generally 
been referred to as stimulus-bound behaviors. That is, the 
behavior is present only as long as the stimulus producing 
the behavior is present. For example, an electrical stimulus 
turned on in the LH for a period of from one to two minutes 
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has been shown to elicit voracious eating (Hargules & Olds, 
1962; Hoebel & Teitlebaun, 1962; Silkinson S Peele, 1962). 
Hargules and Olds (1962) have demonstrated that all animals 
that showed LH self-stimulation also exhibited stimulus-bound 
feeding. Thus tissue in the area of the LH which supports 
ICS and stimulus-bound feeding may also be the tissue which 
is activated during feeding. Poschel (1968) also presents 
evidence supporting this view. Wise (1968) has elicited both 
feeding and drinking from the same electrode in the 
hypothalamus of sated rats. In addition, the intensity 
thresholds for eating and drinking were both different (al­
though both decreased with repeated testing) suggesting that 
the neural drive centers for eating and drinking are 
anatomically interwoven and that stimulation merely changes 
the thresholds or the different systems without altering 
their faactioaal organization. Valeastein, Coz, and 
Kaicolewski (1970) have challenged much of the recent evidence 
on stimulus-bound behavior. Valenstein et al., (1970) contend 
that direct stimulation of hypothalamic areas does not elicit 
specific drive states. Bore important are the factors of 
species specificity, prior experience, and the enviromental 
conditions at the time of testing. These investigators also 
suggested that there is much less anatomical specificity 
within the hypothalamus than was commonly assumed. In con­
trast to what would be expected following stimulus-bound be­
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havior Cox, et al., (1969) found inhibition of feeding and 
drinking following the cessation of hypothalamic stimulation 
that elicited these behaviors. Although the above objections 
are excepted as alternative points of view, experiments 
continue to advance the hypothesis that stimulus-bound eating 
occurs because of the activation of the specific neural 
circuits underlying "hunger". 
Using a quinine-tolerance technique rats normally hungry 
(food deprivation) were compared with feeding behavior 
induced by electrical stimulation of the LH (Tenen 6 Miller, 
1964). Increasing the hours of deprivation and current in­
tensity both increased the rat's tolerance for the acceptance 
of quinine adulterated milk. In addition, where stimulation 
was combined with food deprivation, cats tolerated even more 
quinine in their milk than "hen tested under either condition 
separately. 
Hoebel (1968) has shown that intragastric feeding will 
inhibit LH self-stimulation but not stimulation of other 
anatomical areas (e.g., septum). Along these same lines 
Hoebel induced gastric distention by inflating a gastric 
balloon. Again LH self-stimulation was inhibited suggesting 
that gastric distention decreases LH reward. 
Self-stimulation in the LH has been measured in rats 
made obese by force-feeding a liquid diet (MacNeil, 1974} . 
As body weight increased ICS rates gradually declineds Even 
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after force-feeding vas terminated response rates remained 
depressed. This indicates that an inhibitory factor may be a 
correlate of obesity and not just a result of post ingestinal 
factors and that obesity may inhibit feeding by inhibiting LH 
reward. 
Obesity has been produced experimentally by allowing 
prolonged periods of experimenter induced ICS in the presence 
of food (Steinbaum € Miller, 1965; Hoebel & Thompson, 1969}. 
Hoebel and Thompson (1969) also shoved that as this self-
induced obesity progressed disgust reactions increased (such 
as rubbing their chin on the cage floor) as well as 
opportunities to escape from LH stimulation. These experi­
ments again suggest that neural activity in the LH feeding 
system becomes aversive in rats that are overfed or 
over«eight. 
In other attempts to shos that electrically elicited 
feeding and drinking are modified by internal physiological 
conditions Devor, et al. (1970) have shown that 
hypothalaaically elicited eating, like natural eating, sas 
decreased by prior food intake. Similarly, elicited 
drinking, like natural thirst, was reduced by prior water 
intake. These findings were specific to the appropriate be­
haviors involved. Thus elicited appetitive behaviors are 
neither rigid nor undirected results of stimulation but 
depend, at least in part, on the animals internal states. 
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Effects of Central Nervous System Lesions 
Ogon ICS 
When one looks at the loci that support ICS it is easy 
to get the impression that the functions supported by ICS re­
inforcement are somewhat autonomous i.e., relatively indepen­
dent of other neural structures. However, it should be 
apparent that these structures are net truly autonomous and 
that incoming and outgoing fiber connections are always 
prominent (Horgane, 1969). 
Studies attempting to understand these reinforcement 
loci have generally used the method where ICS rates are ob­
served, then lesions or ablations are produced in another 
neural area, and finally observation of the post-lesion ICS 
response rates are obtained. The comparison of pre-lesion 
âûu post—lesion response rate would then enable an 
investigator to determine whether a particular lesion was 
crucial for the production of ICS. In addition, increases or 
decreases in response rates could be observed. 
Studies using ICS of the LH have shown that neither the 
pituitary (Phillips S Shapiro, 1973), the MFB (Lorens, 1966; 
Uaeaoto, 1968), the fornix (Boyd S Gardner, 1967) nor the 
raphe system (Lorens, 1971) are essential for the production 
of LH self-stimulation. Heid and Porter (1965) found that 
ablation of the frontal certes caused either no change or an 
increase in response rate in ICS lever pressing in rats. &1-
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though not essential, it was concluded that the cortex nay 
have an effect on the absolute threshold of LH self-
stimulation. It is interesting to note that threshold 
changes seem to occur with cortical ablation, but not when 
subcortical structures are damaged. Keesey and Powley (1968) 
and Lorens (1966) have also found increases in LH self-
stimulation rates following septal lesioning. 
Asdourian, Stutz, and Bocklin (1966) and Cox and 
Valenstein (1966) lesioned the thalamus and the mesencephalic 
central gray respectively, and found no decrements in septal 
self-stimulation. 
Only one lesion has been found to be crucial in the 
incentive value of P-ICS and that is a lesion immediately 
surrounding the tip of the electrode (Lorens, 1966) • 
Taken together all of the above data isuicate a complez 
of functional systsss influencing every site of self-
stimulation. Shsthsr these complex systems are accurately 
being analyzed by the gross physiological lesion and stimula­
tion techniques herein discussed will ultimately be deter­
mined by the hindsight of future experimenters. 
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1. Hean nuaber of ICS lever presses over pre lesion 
(Days 1-3), lesion (Day 4), and postlesion 
(Days 5-7) days collapsed into 30 minute time 
blocks. 
Time Blocks 
12 3 4 5 6 
Hyperphagic Large Weight Gain 
632 452 521 495 475 421 
690 577 578 476 434 353 
721 604 524 583 454 447 
641 879 716 784 856 786 
568 431 344 375 318 302 
322 180 254 213 264 145 
280 184 127 87 208 251 
Hyperphagic Small Weight Gain 
425 492 454 351 515 425 
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735 516 597 509 451 359 
745 990 894 959 748 672 
584 555 506 593 492 452 
652 555 462 548 470 543 
605 517 464 477 424 417 
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2. Mean number of food lever presses over prelesion 
(Days 1-3), lesion (Day 4), and postlesion (Days 
5-7) days collapsed into 30 min. time blocks. 
Time Blocks 
12 3 4 5 6 
Hyperphagic Large Weight Gain 
10 24 33 35 40 52 
14 14 49 14 34 34 
16 18 26 33 25 24 
31 34 61 51 66 92 
51 25 25 32 30 17 
58 44 47 32 26 17 
52 52 58 47 38 51 
Hyperphagic Small Weight Gain 
47 46 56 46 59 28 
36 36 58 36 27 46 
61 49 49 50 50 71 
19 8 34 50 66 48 
72 51 62 75 68 48 
84 90 100 78 78 75 
85 87 69 79 59 77 
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Table 3a. Huaber of grams consumed (21 hr.) on testing days 
1 through 6 for each rat. 
Testing Days 
Animal 12 3 4 5 6 
01 25 27 23 40 37 38 
04 30 22 23 43 43 42 
06 15 20 21 31 27 27 
07 15 22 23 21 29 31 
09 14 18 18 31 30 33 
10 18 18 13 27 24 19 
19 25 17 20 31 28 31 
31 22 21 22 22 27 31 
^ ^  ^ y* * ^  •« rN « JH 13 •* y j I 
35 15 12 11 28 27 26 
37 26 23 22 37 35 39 
42 12 11 10 22 16 22 
47 10 13 13 30 25 24 
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Table 3b. Individual body weights (gms.) for each rat 
recorded for 2 pre lesion testing days and 
at 5 day intervals following behavioral testing. 
Pre- and Post-testing Days 
Animal -2 -1 5 10 15 20 25 30 
01 282 289 350 389 415 442 449 460 
04 287 292 369 387 396 431 434 453 
06 287 292 328 352 358 365 369 371 
07 310 315 359 365 377 384 397 392 
09 234 235 298 313 341 352 347 345 
10 276 282 310 335 340 337 339 331 
19 269 268 301 298 311 308 305 308 
31 278 286 360 385 413 429 450 471 
34 315 314 380 401 398 370 361 352 
35 299 299 340 359 371 367 363 359 
37 334 335 383 401 409 419 426 426 
42 271 271 317 310 321 336 338 338 
47 271 272 327 358 360 366 368 382 
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APPENDIX C 
Figure 8. Mean number oE septal ICS lever presses (N=3) ovar 
preleslon (3 days), lesion (1 day), and post-
lesion (3 days) testing days collapsed into 
30 minute time blocks. 
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Figure 9» Mean number of septal food lever presses (N=3) 
over prelesion (3 days), lesion (1 day), and 
postlesion (3 days) testing days collapsed 
into 30 minute time blocks. 
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APPENDIX D 
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Table 4a, Source table for ICS analysis over testing days. 
SOURCE SS DF MS F 
Subjects 656767.78 12 54730.65 
Treatment 777960.19 2 388980.10 12.50 ** 
Time 53944.78 5 10788.96 2.39 * 
S X Trt 746797.28 24 31116.55 
S X Time 270785.94 60 4513.10 
Trt X Time 84661.43 10 8466.14 2.36 * 
S X Trt X Time 430368.00 120 
233 
3586.40 
•Significant at .05 
••Significant at .01 
Table Ub. Source table for prelesion and lesion ICS per 
foraance analysis. 
SOOSCE SS DF MS F 
Subjects 488007,54 12 40667.30 
Treatment 416984.87 1 416984.87 13.72 •• 
Time 49300.30 5 9860.06 1.70 
S X Trt 364593.44 12 30382.79 
S X Time 348574.34 60 5809.57 
aaann QO c iim-i CO • www t • w .r 2.86 • 
S X Trt X Time 279236.74 60 4653.95 
155 
•Significant at .05 
••Significant at .01 
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Table 4c. Source table for prelesion and postlesion ICS 
performance analysis. 
SOURCE SS DF MS F 
Subjects 477387.53 12 39782.29 
Treatment 38985.24 1 38985.24 1.20 
Time 70357.81 5 14071.56 9.92 •• 
S X Trt 388981.41 12 32415. 12 
S X Time 85112.82 60 1418.55 
Trt X Time 8671.82 5 17 34.36 1.50 
S X Trt X Time 68996.86 60 1149.95 
155 
••Significant at .01 
Table 4d. Source table for food analysis over testing days. 
SOORCE SS DF as F 
Subjects 23504.83 12 1958.74 
Treatment 1755.11 2 877.56 1.40 
Time 925.91 5 185.18 1.94 
S X Trt 15007.72 24 625.32 
S X Time 5734.79 60 95.58 
Trt X Time 2625.06 10 262.51 2.83 •• 
S X Trt X Time 11136.96 120 92.81 
233 
••Significant at .01 
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Table %e. Source table for prelesion and lesion food per­
formance analysis. 
SOURCE SS DF MS F 
Subjects 12335.45 12 1027.95 
Treatment 254.99 1 254.99 .36 
Time 2210.32 5 442.06 3.36 
S X Trt 8435.31 12 702.94 
S X Time 7884.31 60 131.41 
Trt X Time 993.41 5 198.68 1.66 
S X Trt X Time 7173.81 60 119.56 
155 
»»Significant at .01 
Table Uf. Source table for prelesion and lesion food per­
formance analysis over the last two time periods. 
sonscs SS DF SS F 
Subjects 
Treatment 
Time 
S X Trt 
S X Tiae 
8345.99 12 695.50 
949.67 
11.49 
4552.37 
1519.91 
1 
1 
12 
12 
949.67 
11.49 
379.36 
126.66 
2. 50 
.09 
xrz A i l ne 
S X Trt X Time 
U.3U 
1434.71 
: 
12 
51 
U. 
119.56 
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Table 4g. Source table for prelesion and postlesion food 
performance analysis. 
SODBCE ss DF MS F 
Subjects 24884. 78 12 2073. 73 
Treatment 1724. ,45 1 1724.45 16.49 ** 
Time 147.52 5 29. ,50 .79 
S X Trt 1254, .81 12 104. 57 
S X Time 2223. 91 60 37. 07 
Trt X Time 435. 89 5 87, .18 2.66 
s X Trt X Time 1964. 09 60 32, .73 
155 
••Significant at .01 
